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Editorial Notes. 


No apology is Tenth 
Anniversary of Discovery with an enlarged number. 
Actually the journal reached double figures in January, 


but as it is now exactly a year since the Hundredth 


needed for celebrating the 


Issue appeared, it seems appropriate to note this 
further landmark in April. When the variety is 
considered of the new publications which in these 
days come and go almost as rapidly as the changing 
seasons, there is satisfaction in recalling a message from 
Sir Oliver Lodge. ‘‘ Discovery,” he said, “ fills a felt 
gap. It combines scientific and literary instruction, 
and must be welcome in many Let me 
congratulate all concerned in its production on its 
hopeful outlook, and wish it continued usefulness and 
success.’’ In recording that the twelve months since 
these words were written has been a record period, as 
measured by sales and advertising revenue combined, 


homes. 


we desire to thank our thousands of regular readers, 
whose continued interest and encouragement render 
the production of Discovery such a worth-while and 
task. And gratitude is not less due to 
contributors, many of whom write from a desire to 
further education through our columns, when they 


agreeable 


might obtain larger fees elsewhere in the more 
spectacular newspapers. The articles this month 


begin with a paper from Sir Oliver Lodge on the new 
outlook in physics, this forming part of our series on 
That his latest 
views on the physical universe should appear at the 


the ‘‘ Next Step ”’ in various sciences. 


PRICE 1s. NET 


same moment as the new survey by Mr. Wells and 
Professor Huxley in the realm of biology is a notable 
coincidence. We discuss the Science of Life on another 
page, but would here quote one passage by Sir Oliver 
Lodge, from whose almost reverent humility the 
biologists might do well to take a lesson. ‘* Whenever 
we encounter or seem to encounter an_ insoluble 
discrepancy between reality and reason, or rather 
what we apprehend as reality and our particular 
brand of reasoning, we may assume that not the 
Universe but either our apprehension or our reasoning 
is at fault. It is an act of faith so to assume; but 
it is a faith which has been justified in particular 
instances time and again.’’ These words have special 
significance when written in Discovery, which every 
month seems to confirm that the more we find out 
about the nature of anything and everything, the 


more there is to learn. 


* * * * * 


One other article calls for remark here, namely 
Mrs, R. V. Berry’s account of the Navajo Indian 
sand-paintings. Apart from its interest as describing 
the first demonstration of this sacred ceremonial given 
to a white observer, at least in modern times, the 
photographs with it are probably the most fascinating 
ever reproduced in Discovery. In the ordinary way 
these curious paintings in white and red sandstone, 
with certain other coloured materials, are made only 
at special festivals, as they are believed to have powers 
of healing. Every detail in their drawing has some 
sacred significance, and the various myths represented 
are of ancient origin. From father to son, throughout 
many generations, the Indian Shamans have handed 
on by word of mouth a vast accumulation of tribal 
lore, which is now being studied seriously by American 
ethnologists. The _ first securing the 
information described by 
the sympathy of the medicine-men, whom she managed 


move in 
Mrs. Berry was to gain 


to influence by her own work as a painter and artist. 
* x * ** x 
Last month Major Segrave achieved the world’s 
record for motor racing with a speed of over 231 miles 


per hour. This topped by nearly 24 miles the previous 
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fastest speed which Mr. Ray Keech had made about 
a year before. The car used was the Golden Arrow, 
designed by Captain J. S. Irving, and like the seaplanes 
in which British pilots recently obtained the world’s 
fastest flying speed for this country, it is appropriately 
an all-British model. On the day after Major 
Segrave's record, his American competitor was killed 
in an attempt to improve on it. Those who question 
the value of motor racing will be interested to read 
again Major Turner’s flying article in our February 
number, as similar arguments regarding such factors 
as engine improvement apply to automobiles. 
Incidentally, the motor racing record is now less than 
g0 miles per hour short of the greatest speed so far 
achieved in the air. 
* * * * * 

The safety of ethyl petrol, which has been so widely 
disputed both in America and in England, is given 
further support by new experiments made at 
Pittsburgh. 


by exhaust gas from cars, and in the ventilation of 


Public interest in atmospheric pollution 
road tunnels, made it desirable to discover whether 
the use of modern fuels is tending to change the 
In co-operation with the Ethyl 
Bureau of 


combustion products. 
Gasoline Corporation, the U-S. Mines 
accordingly completed a series of tests to determine 
whether any significant difference exists in the carbon 
monoxide content of the exhaust gas, when the engine 
fuel is changed from straight petrol to the same petrol 
containing ethyl fluid 
tetraethyl lead. Data were sought relative to the 
composition and amount of gas produced by ordinary 


whose active ingredient 1s 


engines, as well as by higher-compression motors in 
which distinct “ knocking ”’ 
which operated without this detonation on_ petrol 
When 


run at a fixed adjustment no significant change was 


occurred with petrol, but 


containing tetraethyl lead. the engine was 


found in the carbon monoxide content, nor in the 
content of any other constituent of the exhaust gas, 
upon changing the fuel supply. This was true both 
of the tests in which a detonation was evident and 
those in which none was audible. As to the effect of 
ethyl petrol on health and safety, the amounts of 
carbon monoxide produced under any comparable 
operating condition were found to be the same as 
from ordinary petrol. 
* * * * *k 

Problems of rail transport at home and abroad were 
recently discussed at the Royal Institution by Mr. 
C. Ek. k. Sherrington. Subject to close Government 
regulation as a result of long years of virtual monopoly 
which they had enjoyed, the railways in Britain 
emerged from the stagnation of the war period to find 


themselves faced with a most powerful competitor in 
road transport. Total internal reorganization, as a 
result of Government legislation, prevented close 
attention to research until about 1924. The retail and 
short distance nature of railway traffic prevents the 
adoption of many methods used abroad, but the 
employment of labour-saving devices is extending 
widely. Advocates of the Channel Tunnel scheme 
should not forget that the size of rolling stock in this 
country is more limited in dimensions than that of 
continental railways, while the practical difficulties 
experienced with steel sleepers abroad, such as the 
undesirability of using them with slag ballast, should 
limit their use at home to the time when they become 
a financially profitable improvement. The reinforced 
concrete sleeper is an alternative to steel, and can be 
more easily insulated where track circuits and 
automatic signals are required. The progress in 
signalling has resulted in the use of the day colour-light 
signal, now in use to a limited extent on all the trunk 
lines and widely developed on the Southern Railway. 
Its universal adoption is to be expected in view of its 
penetrative power through fog. 
* * * * * 

Searcely a year ago Mr. Leonard Woolley announced 
from Ur of the Chaldees the discovery of a house 
dating from the time of Abraham, and now comes the 
even more interesting news that evidence has been 
found of the great Flood. Writing in The Times, 
he reports that further digging shows the following 
l‘irst there are remains of an 
two elements 


condition of affairs. 
extremely early occupation, in which 
seem to combine. Then comes a catastrophe which 
buried the low-lying parts of the island, with its relics 
of human activity, under a huge bank of waterlaid 
clay. On the top of this we have a fresh occupation, 
which carries on some of the old traditions but departs 
entirely from others: it looks as if one element of 
the former population had survived at the expense 
of the other. The disaster which thus buried the old 
settlement and caused a breach in the continuity of 
civilization can on the face of it be nothing other than 
the Flood of Sumerian history and legend, which 
is also recorded in the Book of Genesis. The Sumerians 
regarded the Flood as an historical event marking an 
epoch in their national annals, and though they 
romanced about its date, we have no reason to doubt 
its occurrence. They relate how certain of their 
cities survived the deluge, and though Ur is not 
mentioned it need not be excluded from the list. We 
are told that only a flood of unexampled magnitude 
could have deposited the eight-foot bank of clay which 


Mr. Woolley has discovered. 
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The New Outlook in Physics. 


By Sir Oliver Lodge. 


In our fourth article on the next step in science, Sir Oliver Lodge deals with the trend of pure physics. 


‘ 


immediate problem,” he says, 
system which shall include them all. 


In a recent address on “ Literary Biography,” Mr. 
Philip Guedalla has wittily said that ‘‘ Biography 
is a thing with perfectly definite limits ; it is a region 
that is bounded on the north by History, on the south 
by Fiction, on the east by Obituary notices, and on 
the west by Tedium.’’ We may parody this by 
saying that the science of physics is bounded on the 
north by mathematics, on the south by experiment, 
on the west by accumulated experience of the past, 
and on the east by intuition and speculation. 

The northern region is cold and arid, but exceedingly 
bracing and stimulating to those who have sufficient 
clothing to enable them to feel at home in those icy 
fastnesses, whence descend fertilizing streams to the 
plains below. The southern region is more habitable, 
and very fertile in all manner of practical contrivances 
which have modified, complicated, and to some extent 
ameliorated, the lot of mankind: so that it leads 
into a region of tropical fruitfulness in which the 
engineer and the capitalist are more at home than 
the pure physicist. The western boundary is one 
towards which our luminaries appear to be continually 
descending into comparative oblivion, leaving behind 
their fructifying influence, and becoming themselves 
more or less superseded and out of date. 


Through the Mists. 


It is to the eastern horizon now that all eyes are 
turned, watching the luminaries that are ascending 
through the mists of the morning, only dimly seen as 
yet, but bringing with them a great promise for the 
future and hopes of a clearer sky when the clouds 
have cleared away. 

The agricultural day-labourer, engaged in tilling 
the fields and cultivating the soil, cannot but be 
somewhat confused when he lifts his eyes and tries 
to contemplate what is going on around him. He is 
sustained by the fruits of the present, he sees the 
future gradually turning into the past, and he may 
well wonder which of the starry hosts will ultimately 
shine out with undimmed brightness, before they too 
have contributed their quota, and gradually passed 
into the limbo of forgetfulness. Some of the rising 





‘1s to weld together the newer and the older discoveries into an all-embracing 


“ The 


5 


Probably 1t may do so in ways which at present we can barely guess.”’ 


stars are on the northern side of his eastern horizon, 
and some are on the southern; but he feels it 
presumptuous, if not impossible, to attempt to estimate 
the relative brightness of the members of either group. 
He may attempt to derive benefit from both groups ; 
he is full of admiration for the spectacle, and of hope 
that the meaning may become more intelligible as 
time goes on. 


A Transitional Period. 


The analogy fails in many particulars, but it may 
serve to illustrate the transitional period in which we 
live, the period covering what seemed the satisfying 
illumination of the nineteenth century and the vague 
uncertain brilliance of the twentieth. 

The electron was one of the objects on which our 
scientific observer feasted his eyes, at the beginning 
of this century, as a definite speck of brightness. But 
now it is drawing itself out, and seems more like a 
comet than a fixed star. Its boundaries have become 
blurred, and its locality indefinite. From one point 
of view the definite points of light seem merging into a 
sort of continuum; while, from another, a continuous 
luminosity gathers itself together into discontinuous 
points. The gain of definiteness on the one hand is 
mingled with a loss of definiteness on the other. A 
continuum seems breaking up into discontinuities, and 
yet discontinuities show signs of merging into a 
continuum. It is impossible to say what the outcome 
will be, and it would be rash to make the attempt. 
Suffice it to say that a greater unity is beginning to 
be discerned throughout the material cosmos; and 
that the initial comprehensive 
unification are of great interest for the present and of 
good hope for the future. 

Let us trace these 
rather more in detail. 

The atom has yielded up some of its secrets; and 
so have the stars. The two things, so different in 
scale, are more alike than had been expected, and 
investigation of the one helps our knowledge of the 
other. It is probably true that more is known about 
the interior of a star than about the interior of the 


stages of some 


now unifying resemblances 














IIo 





earth. Some of the stars are disintegrating into 
radiation, and so are some of the atoms. Nothing 
material is permanent, everything is in a state of flux ; 
as indeed was said long ago by Heracleitus as a brilliant 
intuition. But it is turning out more literally true 
than could have been anticipated. Old-established 
laws are modified and half discarded, new laws take 
their place, and we are surrounded by uncertainty. 
The conservation of matter has had to be discarded, 
and there are signs that even the conservation of 
energy begins incredibly to be suspect. 


Space-Time. 


Meanwhile, matter and energy have merged into 
one another; both are treated geometrically as if 
they were properties of space, or rather of the greater 
generalization called space-time; and _ there is 
beginning a great unification which, in spite of present 
complexity, seems likely to lead to an _ ultimate 
simplification. Electricity and magnetism, whatever 
they may be ultimately resolved into, seem likely for 
the present to reign supreme. Already they have 
dominated and annexed the domain of optics and 
radiation ; they are depended on for cohesion ; and now 
they seem likely to absorb gravitation likewise. 
Matter already is largely electrical, some think wholly 
electrical. It has been discovered to be one of the 
forms which energy may take. The whole of activity 
consists in the transmutation of forms of energy ; 
though what energy is in itself remains an open 
question. Space is discovered to 
properties : and just as Faraday recalled our attention 
from the conductors supporting electric charge to the 
space surrounding them, and showed that all the 
observed phenomena really went on in that apparently 
empty space, so it would appear to be with our wider 
outlook in the near future. Matter is turning out to 
be an insignificant portion of the whole physical 
universe, a rare and occasional perturbation of its 
vast extent; and probably the more important, 
though certainly the more elusive, activities occur in 
the inter-atomic, inter-planetary and __ inter-stellar 
space. 

Hitherto our attention has been concentrated and 
almost entirely limited by our senses to the particles 


have physical 


and aggregates of matter. 3ut now our minds are 
ascending beyond the scope of sensation into the 
fundamental region in which matter exists. All the 
heavenly bodies move in a vacuum; and so does 
every atom. It is in the interspace that the energy 
really lies. Something in space it is which welds 
particles together by cohesion into a tangible body, 


and welds bodies together by gravitation into a 
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cosmos; so that the properties of that interstitial 
space are likely to form the greater part of the physics 
of the future. 

We know something about empty space already ; 
we know that it can transmit radiation, and we know 
the rate at which radiation travels. There seems no 
doubt about that; though the intimate or ultimate 
nature of radiation we do not yet know. We realize 
that it is a modification of space, and we can follow 
the modification in time. But what unmodified space 
is like, and what time is like, we do not know. We 
can, however, experiment on radiation by aid of its 
interaction with matter. 

Another modification of vacuous space we call an 
electric charge, and we can make experiments on that 
too. Surprisingly it has inertia, and is amenable to 
mechanical force. It almost certainly has weight. 
Another variety of obscure energy we call a magnetic 
field. These are all modifications of space; and 
probably the very ingredients of the atom of matter 
are modifications too, for the atom is composed of 
positive and negative electric charges, far apart from 
each other in proportion to their size. Herein enters 
the possibility of experiment. We can apprehend and 
deal with matter ; for it is an immediate inference from 
our tactile sensations,and we are provided with muscles 
which enable us to move it—to move it in accordance 
with plan. We might define matter as that which can 
be moved ; though what “ motion ”’ really means we 
should find it difficult to explain. Matter and motion 
are things we have senses for, so that we have grown 
accustomed to them, and are apt to forget their 
mysterious nature. The problem of modern physics 
is to try to understand these over-familiar things and 
to resolve them into something more ultimate, though 
at the moment less intelligible. Not unnaturally our 

‘arly attempts at formulation involve unfamiliar and 
even contradictory modes of expression. 


‘Faith the Foundation. 


Whenever we encounter or seem to encounter an 
insoluble discrepancy between reality and reason, OF 
rather between what we apprehend as reality and our 
particular brand of reasoning, we may assume that not 
the Universe but either our apprehension or ou! 
reasoning is at fault. It is an act of faith so 10 
assume; but it is a faith that has been justified in 
particular instances time and again. The uniformity 
of nature, the sequence of cause and effect, rests on 
no surer foundation. Such faith is essential to the 
pursuit of science; and I presume that faith of that 
kind is acceptable to Theologians. In that faith we 
shall be wise if we continue, whatever else we may feel 
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constrained to discard. If we could solve all our 
difficulties while we tramp along, existence would be 
duller and less stimulating than it is. 

Other things interact with matter besides light 
and gravitation, and thus also have come within our 
sensory ken. “ Life’ interacts with matter; so that 
we are accustomed to observe living things, both 
animal and vegetable. But what life really is, and 
how it interacts with matter, we do not know. A 
department called bio-physics is growing up, which 
seeks to investigate the interaction of life and matter. 
Perhaps life is a modification of space too ? 

Animated matter obeys the laws of physics and 
chemistry just as ordinary matter does: yes, we may 
grant that to be true; but yet, when animated, it 
has something superadded. It has properties not 
possessed by the inanimate—a kind of spontaneity, a 
sort of self-determination. Or at the least it is formed 
into a characteristic shape not dependent on the kind 
of food supplied. And when in its higher stages life 
blossoms into consciousness—our own consciousness— 
we have first-hand knowledge that it is able to form 
strange conceptions ; that it has not only memory of 
the past, but anticipation of the future also; and that 
it can determine to act accordingly. No mechanism 
can do that, so we are more than mechanism. Wecan 
form plans and carry them out. We can brood and 
meditate and partly understand. Occasionally we 
can even predict. We are guided by the future as 
well as by the past. 

If, indeed, life is a manifestation of one of the 
properties of space-time, it is one of extraordinary 
interest, for it suggests scope for investigation far 
beyond anything previously contemplated by science. 
Mind—whatever it be—leads us into a region of the 
infinite and the incomprehensible. It seeks to 
understand. And where it fails to understand it can 
admire. It can admire the beauty of structure and 
processes; it can marvel at the adaptation and 
splendour of nature, the interlocked intricacies of its 
laws. And when these too pass beyond its scope, so 
that they are no longer apprehensible, but merge into 
the unfamiliar and the eternal, it is overwhelmed by a 
feeling of awe, and takes refuge in the human faculty 
of worship. 


What is Reality ? 


A somewhat modified view of mechanism still holds 
the field; but it is mechanism of a glorified kind. 
No longer do we expect to explain all even purely 
physical realities in terms of matter. The old 
mechanical models of ether will not work. Now that 
we realize what a comparatively exceptional peculiarity 


matter is, and how dependent it is on the properties of 
the medium in which it exists and out of which it is 
presumably formed, it is in no way surprising that the 
aim now is rather to explain the behaviour of matter 
in terms of a more fundamental reality, than to seek 
to model reality under the guise of a material 
assemblage. Even the physical universe is far greater 
than the limited material aspect which appeals to the 
senses. The true nature of physical phenomena is 
to be sought in space and its properties. The attempt 
to find a mechanical ether, and to define it in terms of 
material machinery, has been perforce given up. Yet 
the name Ether may survive, for there is certainly 
a physical reality filling space. Can it be a 
substance? It is sub-stantial in that it stands under 
everything—a truly fundamental substance, though 
unlike any substance with which we are acquainted. 


The Immediate Problem. 


Herein lies the immediate problem of the future. 
This may be regarded as the next extensive step or 
aim in physics—to weld together the newer and the 
older discoveries into an all-embracing system which 
shall include them all—though probably it may do 
so in ways which at present we can barely guess. To 
make revolutionary progress we must transcend 
matter and its relative motions, and must formulate 
the properties of the fundamental entity which fills 
space and endures in time. There must be something 
in it of a periodic character which justifies our sense of 
duration, and accounts for all the properties of matter. 
The mind is stretched to the utmost, but we do not 
despair. ational the universe has always been, and 
rational it assuredly is. In other words, it is in 
harmony with the human mind, when that is sufficiently 
informed and enlightened to perceive the grandeur of 
truth. 

Experience has consistently shown that there is a 
rational process behind everything, and it is possible 
for us by patient investigation to ascertain the working 
of the process and to study the laws of its operation. 
Theologians would surely admit that nothing is 
accomplished save by rational methods; nor is there 
any intervention by other than accredited agencies 
or agents—however transcendent some of them may 
be. As was said of old about the Logos—the Personi- 
fication of Reason, of Law and order—‘‘ Without him 
was not anything made that was made.” 

It is the privilege of science to contemplate creation 
and to work it out; to realize what is happening and 
to dive down as far as we can to the innermost core of 
the mystery. We have, indeed, far to go: we have 
as yet but scratched the surface of things. Only 








lately have we begun to probe the constitution of the 
atom; only recently have the stars and nebulae 
begun to display their hereditary connexion. The 
birth and death of worlds is now being contemplated 
by science. We are witnessing something of the 
process of creation actually going on. 

Humanity is in its infancy. What wonder if we 
stumble and halt by the way. Yet we are making 
progress. We that were walking in darkness have 
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caught a glimpse of a great light. Naturally we are 
dazzled, and it may be perturbed. But we live in a 
privileged age. Men of genius as great as any in the 
past are working among us. Some great generalization 
is approaching ; and mathematical physicists all over 
the world are contributing to its arrival. The work 
may have to go on for a century before the sun rises, 
but through the haze and mists of the twilight we catch 
a glimpse of a rosy and hopeful dawn. 


Australia Conquers the Drought. 
By Sir John Russell, D.Sc., F.R.S. 
Director of the Rothamsted Experimental Station, Harpenden. 


Agricultural science in Australia 1s making great strides towards overcoming the droughts, which in the 
absence of special measures are a great barrier to cultivation. Much has been achieved already, but Sir John 
Russell shows that many problems of the first importance to modern agriculture remain to be solved. 


AMONG the achievements of scientific agriculture and 
of science in the last fifty years, none has been more 
striking than the steadily increasing control over 
the dry regions of the world. Basing their estimates 
on European experience, most agricultural experts 
of fifty years ago looked upon an annual rainfall of 
20 inches as somewhere about the limit for agriculture ; 
any region receiving less rain might be suitable for 
pastoral purposes but could not achieve much value 
for cultivation. The first agriculturalists to break 
away from this doctrine were the Mormons of America, 
who as far back as 1845 struck out from the Eastern 
States into the western desert to form a state of their 
own, and driven by that combination of religion and 
necessity which has so often proved to be a most 
potent force in human activity, they succeeded not 
only in wresting a living for themselves out of the 
dry soil, but in discovering principles and methods 
that have helped others in dry climates to do the same. 
In each dry region there is still much to discover 
before dry farming is anything but hazardous, but 
steady progress is continuously being made. 

In Australia to-day this conquest of dryness has 
already proceeded a long way, and the scientific 
organization is established and in full working order 
for carrying it still further. Each State has its own 
University and its Department of Agriculture, and 
there is now set up a Council of Scientific and Industrial 
Research to co-ordinate and foster research work into 
the most important problems of the country. 

The coastal regions of Australia are well supplied 
with rain; towards the interior there is less and less 
till finally the dry central regions are reached. Of the 





total area, 66 per cent has less than 20 inches of rain 
per annum, and 36 per cent has less than 10 inches 
per annum. The old method of farming was to run 
sheep over all the land capable of carrying them and 
unsuited to cultivation, and this still remains in use : 
but the margin of unsuitability has narrowed. Two 
ways of conquering the drought have been developed : 
irrigation where possible, and special “ dry farming ”’ 
where no irrigation water is available. 

Irrigation is simple in principle, but complex and 
costly in practice. The great systems in Australia are 
those associated with the river Murray and its great 
associates, the Murrumbidgee, Lachlan, Darling and 
Goulburn. These rivers flow through a vast plain of 
Tertiary and Cretaceous soil, much of which was 
formerly under the sea, and still contains a good deal 
of simple soluble salts (much of it sodium chloride) 
derived from the former sea water or from decom- 
position of the rocks, and occurring either in patches 
or diffused through the soil. The control of the 
water supply by building dams to hold up the water, 
and great channels to distribute it, is a matter of 
engineering ; the agricultural problems begin when the 
water reaches the soil. 

The presence of soluble salts is usual in dry areas 
and it greatly complicates the problem. They injure 
the plant either by direct poisoning or by plasmolysis ; 
and they adversely affect the soil. The effect on the 
plant has been more studied in America than 
elsewhere. The effect on the soil is now being studied 
in detail in Australia and other parts of the British 
Empire. 

Normal fertile soil contains a varying proportion 
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of fine-grained material or ‘‘clay’’ which consists 
essentially of complex alumino-silicates, much of the 
base being calcium. This “calcium clay”’ is the 
which the agriculturist has become 
accustomed, and for which he has evolved implements 
and methods of management; he has also selected 
suitable varieties of crops. It is, however, a reactive 
body, and in presence of sodium salts it can form a 
‘sodium clay ’’ quite different in properties from the 
calcium clay, and therefore behaving differently on 
cultivation and towards the usual varieties of crops. 
To the agriculturist brought up on calcium clays 
it is abnormal and, though implements, methods and 
crops might be found to suit it, this has not yet been 
done, and so it remains infertile. <A further difficulty 
results from the fact that the sodium clay is liable to 


material to 


hydrolyse, giving an alkaline soil solution harmful 
to plants; the sodium also tends to interact with 
the carbonic acid of the soil air and soil water, to 
form sodium carbonate. 

All these difficulties occur in the irrigated areas of 
Australia, as in other irrigated regions of the world. 
They are being studied closely at the Experiment 
Station at Griffith, New South Wales, where the field 
work is done; and at the Waite Kesearch Institute, 
Adelaide, where the more fundamental investigations 
are made. The methods of dealing with the trouble 
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hitherto adopted have been of three kinds : reduction 
of the amount of irrigation water applied to the soil 
to the minimum, consistent with good cropping ; 
removal of any salt that may be present and exclusion 
of further supplies; and improvement of the soil so 
as to maintain the clay in the fertile form and generally 
to keep a good soil texture. 

Economy of the water supply is essential not only 
because every acre overwatered means a reduction in 
total area that can be irrigated, but also because 
overwatering is itself the cause of serious and costly 
trouble, especially where the drainage is not very 
efficient. It sets the salts in movement, and no 
man can yet predict how a salt solution will distribute 
itself in the soil once it starts moving; frequently 
the salt comes to the surface in some unexpected 
place, killing the trees and forming a sterile patch 
which often increases in size. Further, overwatering 
may cause the lower layer of soil to become impervious 
and water-logged; the plant roots then become 
asphyxiated causing various physiological troubles, 
accompanied by the inevitable fall in yield. A _ prolific 
source of harmful wastage is the seepage from irrigation 
channels which must be avoided as far as possible ; 
water furrows must be sufficiently short to allow the 


lower end to receive enough water without flooding 
the upper end. 


Losses by evaporation are reduced by 








AN IRRIGATION PROBLEM. 


A patch of salt brought to the surface has here killed the citrus trees. Among several centres where such problems are 
being studied is the Waite Research Institute, Adelaide, working under the aegis of the Commonwealth Council 


for Scientific and Industrial Research. 


The photographs reproduced in these pages were taken by Sir John Russell. 
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suitable tillage, to which reference will be made later. 
Above all, adequate provision must be made for 
drainage, and this may be difficult where a river is 
being tapped at a number of points for irrigation. 
One of the methods being tested is to spray the water 
on to the land (the Kook system), this giving a more 
even distribution, restricting the water to the area 
where it is needed and doing away with the need for 
ditches and channels; further, the spray washes the 
leaves, which may be an advantage. 

In attempting to avoid the evils of overwatering 
it is equally important to avoid underwatering, since 
irrigation is so costly that only high yields of valuable 
products can make it pay. Australia has chosen some 
of the most valuable crops for exploitation—oranges 
in New South Wales, and raisins and peaches in 
Victoria, with, of course, others as well—all, however, 
requiring skilful management of the water supply. 
Where water is less abundant, dairying is being 
developed, lucerne or other fodder crops being grown 
and receiving whatever water may be available. In 
order to regulate the supply carefully, it is first and 
foremost necessary to discover the water requirements 
of the crops—the so-called ‘“‘ duty of water ’’—the 
minimum number of inches of water per acre to secure 
the desired growth, and the best times at which this 
water should be given. Unfortunately the underlying 
scientific principles have not been fully elucidated and, 
in consequence, the investigation has to be largely on 
empirical lines, much of it by the rather wearisome 
method of trialanderror. The difficulties are increased 
by the fact that it has hitherto proved impossible to 
devise a statistically sound field technique. Of all the 
problems in applied plant physiology of importance 
to the British Empire, those bearing on the water 
requirements of plants are most in need of investi- 
gation. Unfortunately they are receiving but little 
attention in this country, in spite of the fact that 
the Empire has more land under and capable of being 
put under irrigation, and is more directly interested 
in irrigation, than any other in the world. Slowly 
and in spite of all difficulties, information is being 
gathered in Australia on such important questions as 
the necessity or otherwise for keeping the soil 
continuously moist, or alternatively the desirability 
of watering the young trees only occasionally and at 
wilting in the hope that a deep rooting system may 
develop. At present, however, Californian experience 
is the basis on which the growers work. 

The water and the salt between them bring the soil 
into an unfavourable physical condition for plant 
growth, especially if sodium clay is already present or 
is being formed. The causes are under investigation ; 


meanwhile the difficulty is being overcome by addition 
to the soil of gypsum, which fortunately occurs in 
large quantities in the very districts where it is needed ; 
and by growing crops of peas, or other bulky plants 
in winter when they do not compete with the trees 
and ploughing them under in spring while they are 
still green. The gypsum flocculates the clay and also 
tends to maintain it as a calcium combination: the 
organic matter of the green crop improves the texture 
of the and acts as a “ buffer’’ between the 
alkalinity of the soil solution and the plant root. 

A considerable amount of experimental work is done 
on the trees, and must always remain to be done 
because of its slowness. Practically all the trees are 
grafted or budded; the direct seedling or cutting is 
the exception. The cropping value of the tree depends 
both on the bud or graft—the scion—and the stock on 
which it is grafted. Until quite recently growers did 
not recognize how great a part the stock played; 
they were content to purchase the necessary quantities 
from a trade nursery, requiring only that they should 
be of the same general kind. The result has been 
inequalities in the trees, in their yielding capacity, 
and in the quality and character of the fruit that 
militate against the value of the produce; troubles 
that cannot now be completely remedied. Growers 
are now recognizing the necessity of uniform stocks, 
however, and in future plantings ought to avoid 
this particular trouble. 

These irrigation problems are not peculiar to 
Australia. They appear in somewhat different guise 
in Canada, South Africa, India, and all irrigated parts 
of the Empire, and there is much discussion proceeding 
how best to make the experience of one irrigation area 
available for others. The fundamental principles are 
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PROSPECTIVE WHEAT LAND. 


The Mallee country, rainfall about 17 inches per annum, now being converted into 
wheat land by scientific means. 
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the same everywhere, but the applications vary ; 
interchange absolutely 
necessary in order that the investigators may check 
their results and increase their speed of working. 

The areas of land capable of irrigation are naturally 


of experience is, however, 


limited by considerations of contours and the size 
and character of the rivers. Large areas are never 
likely to be irrigated, and for these entirely different 
methods of treatment are necessary; the so-called 
“ dry-farming In its modern form this is 
associated with the western United States, especially 
Utah, but the principles themselves have been used 
on the dry chalk and sandy soils of eastern and south- 
eastern England Broadly 
speaking, they are that a fine crumb surface or mulch 
must be maintained on the soil, and must be reformed 
if it cakes or runs together after rain; that the soil 
below should be kept compact ; and that a cultivated 


>,’ 


is used. 


for many generations. 





THE TRANSFORMATION. 
Team at work on a wheat farm recently cut from the wild by the use of labour- 


The Australian farm worker does from two to three times as 
much work per day as is done in England. 


saving machinery. 


n 


fallow should be maintained as long as practicable 
during the period preceding the sowing of a crop. 
The precise reason for all this is not known, but the 
study of soil physics is proceeding. It is not even 
quite certain whether the effect of the cultivation 
is mainly to keep down weeds or to provide a non- 
conducting mulch or cover which shades the bulk of 
the soil from the sun, or whether cultivation itself 
somehow modifies the distribution of water in the soil. 
Some of the Griffith field plots promise to give useful 
information on these points, while the general 
husbandry problems are under investigation at the 
experimental farms in Western Australia, Werribee in 
Victoria and Roseworthy College in South Australia. 
The objects to be achieved are fortunately fairly 
well known, but important developments 
proceeding as to the means to be adopted. Population 
being sparse and labour dear in all these dry regions 
it Was necessary to invent farm implements capable of 
Suitable types 
wey been evolved in Canada and the United States 


are 


Covering the ground very quickly. 





OLDER SETTLED COUNTRY. 


The land here shown, with a rainfall of about 25 inches, has long been settled and 
used for dairving, fruit and intensive farming. 


and have been much used in Australia ; but Australian 
manufacturers are now making some of their own. 

The crop grown is almost invariably wheat. One of 
the most remarkable changes in the past fifty years 
has been the shifting of wheat cultivation from the 
moist to the dry regions of the world. Wheat was 
originally a plant of the dry regions but was carried 
westwards in the wanderings which led to _ the 
colonization of Europe and of Great Britain; till 
recently it was in practice grown largely in regions 
on 20 or more inches of rain annually. The pioneers 
in the dry regions discovered their eminent suitability 
to wheat, while finding also certain defects in the 
varieties they had grown. Chief among the defects 
were a tendency to a fungus disease known as “ rust,” 
and to failure of crop when the rainfall was less than 
usual. Fortunately the problems arose at the time 
when the art of plant breeding was developing, and 
not too long before the science of plant genetics began. 
Farrar greatly mitigated the rust trouble in Australia 
by selecting and breeding new and more resistant 
strains, prominent among which is_ Federation. 
Selection and breeding have enabled Australian 
experts to produce drought resistant varieties, such 
as Gluyas, Yandilla King, and others, that need 
considerably less water than the older sorts. Still 
further economy in water consumption is sought by 
choosing varieties having a high proportion of grain 
to leaf and stem, the leaves being the organs transpiring 
most water.* <A. E. V. Richardson, working in 
Victoria, showed that an average of about 400 Ibs. 





*The varieties show no improvement over our high yielding 
varieties in this respect ; at Kothamsted the grain usually forms 
about 36 per cent of the total produce (grain and straw), and 
usually 180 parts of straw go to every 100 of grain. In south 
Australia the percentage of grain in the field experiments has 
been about 22 to 40, and the proportion of straw 180 to 260 
per 100 of grain. Our wheats, however, are quite unsuitable 
for a dry region. 
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water was transpired during the production of 1 Ib. 
dry matter; these figures are lower than those of 
Briggs and Shantz in America, though they correspond 
with the “‘ rather dry ’”’ season of Tulaikov, but they 
are above the values obtained in humid climates : 
Lawes’ value was 250 at Rothamsted and Hellrigel’s 
340 in Germany. | 

The discovery of these new drought resisting sorts 
of wheat has gone part passu with the improvements 
in cultivation. The effect of the double progress has 
been that wheat can now be grown under much lower 
rainfall than before. Thirty years ago 15 inches per 
annum was regarded as the lowest safe limit for wheat ; 
now it is grown regularly under a rainfall of Io or 
12 inches suitably distributed. There is still, of 
course, a large element of risk, the chief being the 
great variation in rainfall in dry regions; the rain 
when it comes is apt to fall in torrents, and at the 
wrong time of the year. There seems no way round 
this final difficulty, or the greater trouble due to hail. 

When (as frequently happens) there is no rain at 
harvest time, the wheat farmer has the great advantage 
over the british farmer that he can reap his crop 
easily, and, better still, the grain is dry and hard so 
that it can be thrashed out straight away without 
waiting first in the stook for the preliminary drying 
and then in the stack for further drying or 
‘sweating’; all the costly operations associated 
with these processes are avoided. Implement makers 
have devised implements that thresh the wheat as 
they cut it ; two men using one of the newest of these 
can reap and thresh some twenty-five or more acres 
of corn per day. 


Soil Improvement. 


In Australia the problem of overcoming the drought 
was complicated by a soil deficiency which was serious 
till it was identified. Over large areas of Australia 
the soils are deficient in phosphate. This has affected 
the natural vegetation and no doubt influenced the 
fauna; it may even have been a factor in the restricted 
numbers of animal types and of individuals, and in 
the absence of any human developments beyond the 
Bushman stage. Principal Custance of the Roseworthy 
Agricultural College, South Australia, seems to have 
been the first in 1883 to show the marked effects of 
superphosphate in increasing the yields of wheat : 
the experiments were extended and developed by his 
successor Lowry, and now the knowledge is wide- 
spread ; 
wheat land. 


superphosphate is invariably given to the 


The result has been a great increase in the output 
of wheat from Australia, and the opening up of even 








greater possibilities. No one can now say how far 
inland the wheat belt can be pushed ; a new variety 
requiring a little less water, or a new type of implement 
to cheapen the fallowing may widen the belt by a few 
miles and so add many thousands of acres to the 
present area. Perhaps the best view of the progress 
of Australia in pushing the cultivation of wheat into 
unpromising regions is obtained by comparing Sir 
William Crookes’ forecast of 1898 with the actual 
event. He regarded the wheat area as limited to 
‘““a small portion of the southern littoral belt.’’ The 
attempts to grow wheat in South Australia had given 
so little return that he expressed some wonder “ why 
the pursuit of wheat growing is continued.’’ Western 
Australia he did not even mention as a contributor 
to the wheat supplies of the world. He had every 
reason for his poor opinion; the whole continent of 
Australia then was producing only 38 million bushels 
of wheat—only two per cent of the world’s crop. 


Increasing Output. 


Even then some of the best wheat land under rainfall 
of 25 to 30 inches was passing over, like our own, 
to dairying, fruit, and other more intensive forms of 
production. The general mode of improvement 
anticipated, the increased use of nitrogenous fertilizers 
obtained from the air, was not applicable to the 
Australian wheat fields. The lines along’ which 
progress actually proceeded, the great developments 
in the breeding of drought resistant varieties, and 
in the conservation of soil moisture by adequate 
fallowing, were hardly expected in 1898. As a result 
of these the output of wheat from Western Australia 
alone—the State ignored by Crookes—is nearly equal 
to the output from the whole country in his time, 
while the total from Australia has increased to I0I 
million bushels, nearly five per cent of the total 
production of the world, and the output continues to 
increase, the movement from the moist to the dry 
regions being based on sound lines. 

Meanwhile great scientific problems are raised by 
these new developments, the study of which deserves 
very serious attention. Great Britain can and should 
be the centre where the fundamental scientific work 
is being done, and where the laws and principles are 
discovered which show the relationship of the growing 
plant to the factors determining its growth. Sound 
systems of crop production, whether in arid or humid 
climates, must be based on the same general laws of 
plant physiology, genetics, chemistry and_ physics, 
and progress on the practical side is everywhere 
limited by lack of knowledge of the fundamental 
principles. 
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Estimating the Age of Writing. 


By C. Ainsworth Mitchell, M.A., F.I.C. 
Secretary to the Society of Public Analysts. 


Whether a document 1s authentic may usually be discovered by analysis of the writing, which provides an 


important study for students of history and literature. 


It is often of the greatest importance to be able to 
form some opinion of the approximate age of the 
writing in a document. The question usually presents 
itself in one of two forms: Is the writing as old as it 
purports to be? or, Was the 
whole of the writing upon the 
document done at the same 
time—if not, which part was 
written first ? 

An answer to either question 
is only possible under certain 
conditions, which postulate 
a difference in the _ physical 
condition of the © original 
pigments, or a chemical change 
in a pigment causing it to 
alter its original physical 
characteristics. In the absence 
of such original or eventual 
differences no opinion can be 
formed. For example, in the Seddon murder trial 
(I9gI2) the accused produced a notebook as a proof 
that he had paid a weekly rental to his victim. The 
entries extended over a period of more than a year, 
and there was some reason to believe that the entire 
series of entries was spurious and written, not week 
by week, but all at one time. They had all been 
written with copying ink pencil, and the pigment was 
the same throughout the series. But, except for the 
improbability that the same kind of copying ink pencil 
should have been used weekly without a break, over 
so long a period, there were no data upon which any 
judgment could be based as to the relative ages of the 
first and last entries. This was inevitable because 
the pigments of copying ink pencils consist of mixtures 
of graphite, aniline dye and China clay, and do not 
change when applied to paper, apart from some 
fading of the dyestuff after many years. 

Ordinary writing ink, on the other hand, undergoes 
a progressive series of changes as the air acts upon it 
on the surface of the paper, and a study of these 
changes has enabled some approximate relationship 
to be established between them and the time that 





WHAT THE CHEMIST REVEALS. 
Writing of 1916 and 1928, made in the same type of blue-black 


ink, photographed after treatment with a chemical reagent. 
Whether dates are faked can be revealed by this method. 


In legal cases also such methods are often crucial. 


has elapsed since the ink was applied to the paper. 
The nature of the changes involved in the drying of 
ink can best be investigated by exposing freshly 
prepared ink to the air for long periods in open vessels, 
and separating and analysing 
the insoluble films which 
successively form upon. the 
surface. When first made by 
mixing an infusion of galls or 
other source of tannin with 
(ferrous sulphate), 
ink consists essentially of a 
nearly colourless solution of 
ferrous tannate. When this 
liquid is exposed to the air 
it slowly darkens and _is 
oxidized progressively to a 
series of iron tannates. The 
first of these forming a film 
on the surface of the liquid 
contains 5.53 per cent of iron and is readily soluble 
in very dilute acid, but is not quite insoluble in water. 
Hence, writing freshly applied to the paper will yield 
a copy for a day or so when pressed on to moist 
absorbent paper. As the oxidation of the ink proceeds, 
a second iron tannate containing 8.1 per cent of iron 
is formed. This is resinous in character, is quite 
insoluble in water, and is much more difficult to 
dissolve in dilute acids. 
itself the particles of any soluble dye present in the 
ink, and to a large extent prevents smudging when the 
writing is treated with dilute reagents. This stage 
requires at least two or three years before it is complete, 
and it is on the distinctive differences between the two 
tannates that chemical tests for the age of ink in 
writing depend, although, as recent work has shown, 
the mixtures of the tannates are of variable composition 
and may contain absorbed tannin. 

The change of colour in ink on paper takes place 
very rapidly at first, but after a day or two the rate of 
alteration slows down, although the final stage of 
darkness is not reached, under the usual conditions 
of protection from light, until after the lapse of many 


copperas 


[It also envelops within 
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months. The change in the colour of the ink can be 
followed and recorded by the use of a combination 
of the tintometer and microscope. The principle of 
the tintometer is the matching of a colour with a 
standardized series of red, blue and yellow glasses, 
which, when superposed, transmit light to enable a 
record to be taken of any colour. Osborn’s comparison 
microscope has been adapted for use with the Lovibond 
tintometer glasses. This microscope has two tubes, 
each having its own objective, and with their upper 
ends fitted with a prism box by means of which the 
images seen through the two objectives are brought 
into juxtaposition beneath a single eyepiece. In 
using this instrument for the examination of ink in 
writing, one of the tubes is focussed over the writing, 
while the standard Lovibond glasses are placed in a 
slot in the other tube, and a record is taken of the 
glasses required to match the colour of the ink. 

for example, a blue-black ink freshly applied to 
the paper gave a reading of three blue units on the 
Lovibond scale, but after an hour or two red and 
vellow units also appeared, and after ten months the 
colour was matched by: Blue, 3.5, red, 9.7, and 
yellow, 0.2 units. Commercial iron-gall inks usually 
contain an added aniline dve to give colour to the 
writing pending the formation of the dark iron 
tannates, and the well-known colour changes that 
occur when such an ink dries on paper are the result 
of the gradual masking of the blue dye by the 
progressively darkening series of iron tannates. 

It is obvious that such a record of the colour of an 
ink may afford valuable information as to the age of 
writing, but by way of illustration an actual instance, 
within the last twelve months, may be cited. 
stock of textile 


A tradesman had insured his 


materials with a London insurance company, and 
some time later was the victim of a fire which destroyed 
As a proof of what had been lost he 


his shop. 


f 





of goods 
The insurance 


produced a_ notebook containing lists 
purchased over a period of two years. 
company doubted the genuineness of these lists, which 
they had grounds for believing had been compiled soon 
after the fire. Colorimetric tests applied to the 
writing confirmed this suspicion, for the ink in the 
writing in the beginning of the lists (as well as that 
at the end) changed its colour after the lapse of a few 
days, and therefore could not have been two years 
old. The insurance company did not pay the claim, 
and the case did not come into Court. 

The formation in writing of the resinous tannate 
mentioned above is indicated chemically by the 
behaviour of the ink on treatment with dilute acids 
or bleaching agents. If, for instance, writing in 
blue-black ink freshly applied to the paper is treated 
with 2 per cent hydrochloric acid, it will rapidly 
smudge and the blue dve will “ run,’ but if the writing 
is some years old the ink will resist the reagent, and 
the blue dye will not be dissolved (see Fig. 1). 

The first occasion on which evidence based on this 
chemical method was given in a Court of Law was 
in IQI1I at the trial of Colonel Pilcher, who was accused 
of forging his cousin's will. This document purported 
to have been signed twelve years before the date of 
the trial, and both of the alleged witnesses to it were 
dead. On treating various parts of the will with 
dilute reagents all the ink in the body of the will, and 
each of the signatures, rapidly ran and the blue dye 
made smudges over the surface of the paper. Tests 
applied in the same way and under parallel conditions 
to the counterfoils of cheque books of the alleged 
testatrix caused rapid smudging in those only one or 
two years old, but had hardly any action on those 
three or four years old, and practically no effect on 
the writing five or six years old. Evidence to this 
effect was given at the trial to prove that the writing 
upon the will could not have been twelve years old. 


Fic. 2. 


DETECTION OF A FORGED RECEIPT. 


Owing to the different amount of 





blue dve in the inks, the *‘ o ” fraudulently added to this receipt (originally given for £200) is clearly shown up by photogra} 
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Ultimately Colonel Pilcher confessed that he had 
uttered the will knowing it to be a forgery, and was 
sentenced to three years’ penal servitude. 

If some of the ink upon a document, the whole of 
which purports to have been written at the same 
time, is found to be of a different kind from the rest 








it may be possible to see which stroke is uppermost 
and therefore the more recent. But the test is not 
quite as simple as might appear, as has recently been 
shown by Ward and the writer (Analyst, 52, 582). 

If two strokes are made to intersect at the time of 
writing it is quite impossible to decide which was 





FiG. 3. 
EXPERIMENTS IN THE SEQUENCE OF PEN STROKES. 
Left to right, these pictures (magnified thirteen times) show (1) Logwood ink strokes, crossed immediately ; (2) blue-black ink 
on blue-black ink, blotted; (3) same inks, strokes crossed after forty-eight hours; (4) lead pencil on artist’s black ink, 


of the ink, it naturally raises a suspicion that a later 
addition has been made to the document. The methods 
of determining this may be photographic or chemical. 
A good illustration of this kind of test is atforded by 
the case of Rex v. Cornwallis (1921), in which a woman 
was tried on the charge of forgery. She had received 
a letter acknowledging the receipt of £200, but claimed 
that the actual amount was £2,000 (see Fig. 2). To 
the naked eye the final “‘o”’ appeared closely similar 
to the rest of the amount, but it happened to be in an 
ink containing less blue dye, and therefore affected a 
photographic plate very differently, as is obvious 
in the illustration. 
of the forgery and sentenced to a term of imprisonment. 

But a difference in ink may not always be conclusive 
of fraud, for the ink itself may produce variations in 
the writing. This was shown in the Howes Will case 


The accused woman was convicted 


(Skelton v. Howes, 1924), in which a will was found six 
months after the death of the testator, and appeared 
suspicious owing to the signatures having been 
retouched and some of the ink showing a difference of 
At the request of the Judge I was called in to 
investigate the will, and found that the abnormalities 
in the ink were due to three bottles of ink, bought 
at a sale, having been mixed together, so that the 
appearance of the ink depended upon the depth to 
which the pen was dipped into the mixture. The ink 
also left the pen rapidly and this explained the 
necessity for retouching some of the signatures. 
Conclusive evidence as to the priority of two pieces 
of writing is sometimes furnished by the fact that 
one stroke has happened to overlap another, and that 


colour. 


made first, for the ink in the two strokes mingles and 
the insoluble tannate forms simultaneously in each. 
If, however, a few hours are allowed to elapse between 
the making of the first and second strokes it may be 
possible to decide which is uppermost, although one 
cannot be certain that mingling of the two strokes 
will not occur, until after about forty-eight hours’ 
interval between the strokes. Blotting renders the 
judgment uncertain, especially if the blotted line is 
uppermost, although when the first line has been 
blotted and the second has not, it is usually possible 
to see distinctly that the insoluble pigment is above 
the first stroke. 

A series of systematic experiments (Fig. 3) 
extending over two years has shown that in all cases 
the possibility of deciding which of two intersecting 
lines is on top depends upon the physical condition 
of the two pigments; if one of them is transparent, 
as in the case of the dye in coloured writing inks or in 
certain typing inks, the differentiation of the sequence 
of the strokes is uncertain. If, however, the conditions 
necessary for the formation of an opaque pigment 
in the uppermost line are present, there can be no 
doubt that the line which appears to be on top really 
is uppermost. The remarkable value of the method 
was shown by a case heard in the Probate Court in 
1924. A testator had added a codicil to his will, which 
altered its tenor. <A few strokes in the writing of this 
codicil intersected strokes in the signature, and 
microscopical examination showed that the codicil had 
been written after the original will was signed. The 
latter was therefore ordered to stand. 





DISCOVERY 


Red Indian Sand-Paintings. 


By R. V. S. Berry. 


The first “* public’ performance in modern times of their sand-painting ceremonial has been afforded to a 


white observer by the Navajo Indians. 


These pictures are the key to the tribal mythology and every detail 


in they remarkable execution has special significance. 


3ECAUSE the red man is an inarticulate person, unable 
to tell of himself, or to speak freely of his art, his 


myths, and his religion, much of the accepted 
information about him has been of the obvious, 


superficial sort. The ethnologist and the archaeologist 
have, however, realized that there was much that was 
vital and unrevealed in the life of the first American, 
so they have begun to study the Indian’s needs that 
shape his daily life. 


The Shaman. 


The best known 
is probably the medicine-man. This is presumption, 
however, and not a fact. His title associates him so 
entirely with the white man’s doctor of medicine that 


he is classed as a savage physician without further 


Indian, aside from the warrior, 


consideration, and most thoroughly misunderstood. 
The truth is, that the white man has no equivalent 
for the Indian medicine-man. The Navajo Shaman, 
as they call him, is intimately associated with every 
phase of Indian life. The Shaman by nature and 
training seems to exercise much of the Indian’s creative 
talent; he is virtually the centralized source of 
Navajo culture. The medicine-man comes into his 
position only after long and intimate association with 
the sages of his tribe; after his own character has 
been tried and found worthy. When he has arrived, 
he is the warrior’s adviser; the guide and friend of 
his people. In his own right, the medicine-man is 
minstrel, musician, artist, poet, physician, prophet, 
and priest. 

From Shaman to Shaman, from father to son for 
generations, this vast accumulation of tribal lore 
has been handed down by word of mouth. It is 
not strange that much has been lost in the ages of 
rehearsing and retelling. Hitherto the standard 
authority on the sand-pictures of the Navajo Indians 
were the records filed forty years ago in the 
Smithsonian Institute of Washington by Dr. Matthews 
and Colonel Stevenson. The sand-painting—a sacred 


medical ceremonial—is not decorative in its purpose, 
but has a deep significance as being supposed to possess 
healing powers in itself. 

Among the new students who have recently been 





lured by the charm of the south-west is Mrs. Laura 
Adams Armer, a Californian painter. For successive 
months in successive years she has gone into the 
remote regions of the Navajo country, there to make 
a thorough study of this red man; not so much as 
new subject-matter for her canvases, but to study 
him as a human being who, as a mystic, might be 
interpreted. A long distance back from the main 
thoroughfare, where the plain and the mesa become 
good grazing ground, Mrs. Armer, took up her residence 
with the family of a Navajo herdsman. They were 
gentle, a fine type of their tribe; considerate in their 
dealings with each} other, and hospitably admitted 
her to their daily life. Their living was upon a high 
plane ; they thought great thoughts; their constant 
search was for the beautiful; their names of things 
and places were poetically descriptive. 

Seeking ever to realize the aim of her quest, Mrs. 
Armer went into Navajo mythology seriously. 
Thoughtfully she recorded her findings, with the 
result that the Shaman understood her painted 
statement of his myths. Because of this interest in 
her delineation, one of the oldest Navajo medicine-men 
lingered long, one afternoon, over the pictures in her 
studio. Mrs. Armer could not speak his language and 
he had no English. Tinally, turning to a person who 
could understand him, the Indian said, “‘ The white 
woman paints strong medicine.”’ 


An Unique Concession. 


Always on the alert for the elusive thing she wanted 
to know, Mrs. Armer asked the Shaman, through the 
interpreter, to make her a sand-painting. He instantly 
refused, explaining that it was sacred, and could not 
be done outside the medicine lodge. A few days later 
the Shaman returned to Mrs. Armer’s pictures, and 
once more she voiced her request for a sand-painting. 
It was refused again on the ground that it was sacred. 
‘“ What makes the painting sacred ?’”’ Mrs. Armer 
asked. ‘‘ The sprinkling of the pollen over it,” 
the Shaman answered through the interpreter. “ Can 
the painting be done without the sprinkling of the 
pollen? ’’ queried Mrs. Armer. For some time the 
Shaman did not reply, then turning to the interpreter 











wg RE OIE TE FES an or 











he saic 
sister. 
Such 
before 
becaus: 
medic: 
happer 
In pi 
which 
The ce 
numbe 
brown 
which 
Red, v 
and so 
black ¢ 
small « 
turquo 
two st 
mortar 
mount. 
shades 
by you 
Shama 
The 
with a 
burns 
the ro 
dimly 
the sac 
More t 
process 
the co 
burned 





The sand 
hut with ; 





fo a 
tail 


Laura 
“cessive 
ito the 
9 make 
uch as 

study 
ght be 
> main 
become 
sidence 
Vy were 
n their 
Imitted 

a high 
mstant 
things 


t, Mrs. 
1ously. 
th =6the 
yainted 
rest in 
1e-men 
in her 
ge and 
mn who 
white 


vanted 
gh the 
tantly 
ld not 
s later 
s, and 
inting. 
acred. 
Armer 
r it,” 
“ Can 
of the 
ie the 
preter 














Pn en NRC 








he said, ‘‘ We will make a sand-picture for the white 
sister.’ 

Such a promise had never been given to a woman 
before; a Shaman painting a picture in her studio 
because he respects her work as an artist—or a kindred 
medicine-man, by right of her art—had simply never 
happened. 

In painting the sacred sand-picture there is a routine 
which is semi-religious and altogether ceremonial. 
The colours used by the sand-painters are five in 
number—black, blue, white, red, yellow. They get a 
brown by mixing black, red, and yellow; their blue— 
which is really grey—is a blending of black and white. 
Red, vellow, and white sandstone furnish these colours ; 
and sometimes gypsum supplies the white. The best 
black comes from the charcoal of the pifion tree. Tor 
small objects and areas the Navajo may use powdered 
turquoise for blue. The colours are ground between 
two stones, or with a pestle in an ancient Indian 
mortar called a metate. The colours lie in the 
mountains and the sands close by; if more vivid 
shades are needed, a search of the hills is undertaken 
by younger sand-painters deputized by the directing 
Shaman. 

The medicine lodge (Fig. 1) is usually circular, 
with a blanket-curtained door to the east. A fire 
burns in the centre of the room, with an opening in 
the roof for the smoke to escape. The place is only 
dimly lighted. In preparing the medicine lodge for 
the sacred picture, the central fire is always displaced. 
More than that, there is a ceremony attached to the 
process, which is very thorough. Having carried out 
the coals and the ashes, the dirt where the fire has 
burned is dug out to the depth of a foot or more, and 





Fic. 1. 


NAVAJO MEDICINE LODGE, 


The sand-painting ceremonial is performed in the medicine lodge, an earthen 
hut with a hole in the roof to let out the fire smoke, and a blanket-curtained door. 
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THE FOUR WINDS. 


This painting symbolizes the Wind Chant. The second and fourth gods have 
straight lines from head to toe, which usually signify female deities, but their 
round head masks indicate masculinity. Enclosing the winds is the rainbow. 
fill the excavation. When 
the floor has been smoothed over, clean, light-coloured, 
wind-blown sand, to the depth of three inches, is 
placed upon a space sometimes twenty-five feet in 
diameter. Upon this neutral-toned background the 
painted design will stand out in well-defined line 
and colour. 


fresh earth is used to 


The painting of the sacred picture is 
announced to the gods and the tribesmen by placing 
several prayer plumes of eagle feathers before the 
entrance of the medicine lodge, which for the time 
being is in sole possession of the artist-priests. The 
Navajo counts each tiny motion of the finest feather- 
flue, a prayer; as the plumes are bound upon sticks 
and catch the faintest breeze that blows, prayers for 
those hours are perpetually ascending. 

Inside the medicine lodge the directing Shaman 
proceeds according to law. Precedence is given to 
certain points of the compass in making the picture. 
The work begins in the centre of the prepared sand 
background. When the design leaves the pivotal 
point, the east is taken first; the south, second ; 
the west, third ;: and the north, fourth. All ceremonial 
movement is sunwise. The pictures are drawn to a 
system, the medicine-man of the ceremonial being the 
final authority as to the design. 

As the mythological figures and the recognized 
Navajo deities are given their positions in the sand- 
paintings, it soon becomes evident that there is a 
relationship between the colours and the cardinal 
points of the compass. White is used for the east, 
blue for the south, yellow for the west, and black for 
the north. White is the colour of the pre-dawn and 
the dawn, which is associated with many of their 
sacred ceremonials. blue is associated with the south 
from which come their gentle, warm winds, and where 
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they most frequently see the blue sky. Yellow is the 
heated, vigorous light, and glowing sky of the sinking 
sun. Black is the ominous region of change; the 
storm centre, and the birthplace of the black storm- 
cloud. One deviation from this usage is known. 
When the deities portrayed have their power and 
residence in the depths of the nether world, black is 
used for the east, and white is changed to the north. 
The unvarying rule is maintained that blue is always 
for the south, and yellow is always for the west. 

Beside the gods painted in the main central design, 
the sand-pictures are usually surrounded on three 
sides by a strangely coloured rainbow deity. This 
rainbow god is nearly omnipresent. Its part in the 
Navajo mythology must be important. The side of 
the sand-painting not enclosed by the rainbow appears 


to be an opening, and this is usually guarded by sacred 
Navajo symbols. 

The first example here illustrated (Fig. 2) depicts 
the four winds, belonging to the Wind Chant. This 
painting is composed of four equal-sized figures, alike 
in form and general appearance—the same skin and 
feather pendants hanging from wrists and elbows, 
and the five-pronged cactus plants in their hands. 
The rainbow deity, as usual, is made of the accustomed 
conventionalized red and blue stripes, and has a 
square head-mask. 

The next example (Fig. 3) is the first sacred painting 
of the Mountain Chant. In this picture, with the 
usual rainbow goddess on three sides, sixteen slender 
figures, four to each point of the compass, are 
distributed in such a manner that the square becomes 





Fic. 
‘ THE FIRST PAINTING OF THE MOUNTAIN CHANT. 


. 
(DETAILS ARE DESCRIBED IN THE TEXT ABOVE.) 
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FG. 4. 


INDIANS PAINTING “* THE POLLEN BOY.” 


The origin of sand-painting is attributed to the ‘‘ Pollen Boy,” the story that first gave rise to these sacred ceremonials. 


On the left 


is seen the Shaman directing the painting, which is drawn from the centre outwards on the smooth sand floor of the medicine lodge. 


almost a circle. The detail is noticed instantly, and 
the importance of this sand-painting is easy to surmise. 
Knowing that the picture is begun from the centre, 
after the first glance the observer naturally looks to 
see what composes the middle motives. The Navajo’s 
heaven is not above the sky, but below, in the earth’s 
centre. The Navajo has no startling creative myth. 
He believes that, in the 
centre of the earth, and warmed by the sun, the fused 
male and female gradually came to the surface in 
periods, each one of which he calls a “‘ moving upward ”’ 
or a ‘‘ mergence.’’ 


nourished and _ sustained 


The small circle in the centre represents water. 
The four figures which seem to come from the earth, 
built upon a single motive that increases in size toward 
the outer edge of the centre, are white, blue, vellow, 
and black conventionalized clouds. The clouds follow 
the distinctly marked cardinal points of the compass. 
Coming from the centre of the world—the Navajo’s 
heaven—between the are the four sacred 
domestic plants, tobacco, bean, corn, and squash. 
With the earth, sky, and food to sustain life, indicated, 
the sunbeam paths which nearly square the circle, are 
the bars on which the gods are standing. (Standing 
figures show the legs; seated ones show only the 
feet.) On each circular male head is a crown of eagle 
feathers. Two of each group of four figures carry a 
rattle and a charm; the other two carry feather- 
ornaments and a basket decorated so that it resembles 


clouds, 


a swastika. The usual pendants hang from wrist and 
elbow ; and each figure wears a delicate beaver-skin 
ornament flaring to each side near the centre of the 
slender body. The skirts and pouches are all different. 
The rainbow is nicely drawn. The head-mask is 
especially clearly drawn. The skirt, being larger, 
shows distinctly the three-feathered decoration at 
the sides, and the difference in the sash and pouch. 

The sand-painting of 7a-ta-teen Ishki, ‘“‘ The Pollen 
Boy,” is again a circular design of sixteen figures, 
with the sacred domestic plants springing from a 
centre, that this time is a circle within a square (Fig. 4). 
The story of the ‘“‘ Pollen Boy ”’ is one of the old ones. 
The small Ta-ta-teen Ishki was playing one day with 
his brother while his parents looked on. Suddenly 
they missed Ta-ta-teen Ishki, they searched every- 
where, but he could not be found. Then they called 
upon the gods, for they were frightened when it 
appeared that he had vanished in a big hole that 
yawned at their feet. The father and mother implored 
the winds, and besought the clouds for help. but 
it was the little beetle-like Zonso who called in a small 
voice that if the parents would go down four ladders 
into the hole, they would find Ta-ta-teen Ishki. 

The grandfather went for the little ‘‘ Pollen Boy.” 
He went down and down until he came to the serpents 
in their watery abode, and with them was Ta-ta-teen 
Ishki. The grandfather demanded the child’s release, 
but the serpents said that Ta-ta-teen Ishki had been 
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with them four days, had grown to manhood, that they 
loved him, and would not give him up. 

In his distress, the grandfather resorted to a scheme. 
He built a fire, and the place was filled with annoying 
The serpents were so uncomfortable that they 
The grandfather 


smoke. 
asked to have the fire extinguished. 
consented to put out the fire, but only on one condition, 
that the serpents would give back Ta-ta-teen Ishki. 
This they did, and the boy was brought back up the 
ladders and his parents were overjoyed to have him 
again. He was warmed by the sun, the soft breezes 
spoke to him, and the summer clouds gathered about 
him. The friendly Yonso cheered him to laughter. 
Then the wind spoke, telling him to make the sand- 
painting with the four clouds of the four colours, and 
the four sacred plants and the birds, with the Jonso 
as guardians of the east entrance. This was the first 
sand-painting. 


Customs of Centuries. 


Some of the best known Navajo ceremonials are— 
the Feather Chant, Eagle Chant, Deer Chant, Shooting 
Chant, Hail Chant, Big Star Chant, Wind Chant, 
Mountain Chant, Benediction, and the Moving Upward- 
Emergence Chants. As the centuries have piled up 
their tribal customs, these ceremonials have come to 
include that constitutes the 
for an assemblage of people. 

3ut these festivals have become so costly to the 
individual who must bear the expense that they are 
observance. <A_ celebration 


much various reasons 


fewer and fewer in 
involving the presence and feeding of anywhere from 
fifty to two thousand people, for anywhere from three 
to nine days, is a matter for serious consideration. 
An Indian who would be host under such demands 
upon his hospitality must indeed be well-to-do. 
However, the cost of the seasonal and religious 
ceremonials, together with the liberal remuneration 
of the Shaman, is met, and the big festival becomes 
the occasion for presenting many separate events, 
each of which may differ from the other in character. 
Outside the sweat house and the medicine lodge, for 
the public to see and to enjoy, there may be some of 
the white man’s outdoor sports. There will be races, 
all kinds of contests, the Yei—comical or clown— 
sessions, and the dances, with or without the masks, 
which are purely tribal and vitally interesting. Music 
and the dance enter into nearly all that the Indian 
does. Inside the sweat house and the medicine lodge, 
apart from the crowd, the ceremonial assumes a 
semi-religious, and often a worshipful aspect. There, 
directed by the Shaman, the Indian will be purifying 
his body by sweating, fasting, and dancing ; purifying 





his mind by the association with his tribesman and 
priest in prayer; purifying his spirit by earnest, 
beseeching supplication and an oft-reiterated dedication 
of himself to his gods. 

On an appointed day, the sacred sand-painting will 
be done in the medicine lodge, for the patient—who 
may be the host for the whole ceremonial—and his 
friends. The sand-painting to be done must be the 
first of the series belonging to the Chant that is being 
celebrated. There are anywhere from ten to sixty 
sacred sand-paintings for the medico-religious scenes 
of the great tribal drama. If more than one of the 
sand-paintings is to be used—after the first one, which 
must be the introductory picture—the Shaman may 
choose the ones he believes best suited to the needs 
of the patient and the prevailing circumstances. 

No matter how elaborate the design may be, it is 
usually finished by noon. To accomplish this, the 
painters frequently begin in the early morning while 
it is still difficult to see in the poorly lighted medicine 
As many assistants are assigned to making 
When the 
painting is completed the Shaman chants and an 
assistant sprinkles the sacred pollen over it. This 
sanctifying, fructifying element in making the sand- 
painting holy is completed when the patient sprinkles 
sacred corn-meal toward the four points of the 
compass, as, walking toward the west side of the 


lodge. 
the sand-painting as the time limit requires. 


painting, he seats himself facing the east. 

The solemn, religious-medical service consists of 
chanted prayers, invocations to the gods, the shaking 
of charm-bearing rattles, the blessing of amulets, and 
the laying-on of medical herbs by priestly hands. 


The Setting Sun. 


All of this must be done while the sun, as god of the 
day, is still in the sky. Everyone seated in the 
medicine lodge is an interested, eager participant in 
the curative ceremony. The friends of the patient 
who have witnessed the sacred, secret service, often 
avail themselves of the brief opportunity to touch 
their bodies with the health-giving pigments of the 
sacred painting. As the sun sinks in the west the 
prayers cease. The patient leaves his place on the life- 
giving picture, which, having served its purpose of 
healing, is destroyed, bit by bit, in the order of its 
making. The pigment is collected into deer-skins, 
blessed and kept for the purpose, and carried to a 
distance from the medicine lodge. The sand pigment 
is thrown under the bushes, where, in shadow, it will 
lie without holy virtue. Thus the sacred sand- 
painting is destroyed, and the ceremony completed, 
by the setting of the sun. 
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The Science of Lite’ 


"> Are Men Machines ? 


An Editorial. 


Under the title the ‘‘ Science of Life’’ Mr. H. G. Wells and Professor Julian Huxley are collaborating in 


a new survey of biology. 


THROUGHOUT the novels with which Mr. Wells has 
long delighted the world there emerges almost 
invariably some reminiscence of his student days at 
South Kensington. When he graduated from the 
University of London as a Bachelor of Science, with 
First Class Honours in zoology, few would have 
predicted his achieving a predominant position in a 
field so distinct from that for which he had prepared. 
But Mr. Wells has now become recognized as the 
first of the great English novelists to embrace the 
scientific age, and it is a happy occurrence that his new 
effort should hark back to his youth. At the Royal 
College of Science, in the ‘eighties, he studied under 
H. Huxley, 
with whose grandson he is now collaborating in an 
attempt to do for biology what was achieved for 
another branch of knowledge in his famous Outline 
of History. The third “ partner in the firm ’’—to 
quote the authors’ introduction—is Mr. G. P. Wells, 
sometime scholar of Trinity College, Cambridge. 


Darwin’s famous associate, Professor T. 


Popular Prejudice. 


Although the introduction to the Science of Life 
explains that the three authors are “jointly and 
severally responsible for the entire arrangement and 
text,’ it is evidently Mr. Wells senior who speaks of 
the prejudices which biology in particular has still 
to face. The resistances to knowledge, we read, are 
not merely passive. It is not only that most human 
beings are indisposed to know and learn; they are 
afraid of and hostile to all they do not know and they 
seek to prevent others from acquiring information. 
“Since the great revival of scientific work in the 
sixteenth century there has been a steady under- 
current of deprecation and antagonism which rises 
very easily to active obstruction and suppression. 
The self-love of the ignorant has demanded that 
the man of science, in play and story, should be 
caricatured, ridiculed, and misrepresented. From 
Laputa to the Pickwick Club, British literature, for 
example, spits and jeers at its greater sister, and to 





*The Science of Life. By H. G. Wells, Julian Huxley and 
To be completed in about thirty fortnightly parts, 
(The Amalgamated Press). 


G. P. Wells. 
price 1s. 3d. each. 


The Editor of ‘* Discovery’ here reviews some issues raised in the first part.* 


devote a life to science and the service of truth is still 
to renounce most of the common glories and satis- 
factions of life for a hard and exalted mistress. But 
while the pomps and glories of every other sort of 
human activity fade and pass, the growth of science 
is a continuing and immortal thing.”’ 

Whether the reader agrees or not with the contention 
of this last sentence, he will applaud the note of 
triumph which the paragraph echoes in regard to 
Mr. Wells’s own career. 


The Growth of Biology. 


By comparison with other subjects the growth of 
biology has lately been phenomenal. Not only was 
there so much leeway to make up; but when the new 
era began with the present century the mechanical 
aids to study had reached a stage of great perfection. 
Important discoveries are still forthcoming every few 
months, for example in medicine, but any general 
clothes-line, so to speak, on which the student may 
hang the pegs of biology, as yet hardly exists. The 
only previous venture to give a survey was Professor 
J. Arthur Thomson’s admirable Outline of Science ; 
but that dealt with the sciences as a whole and not in 
particular with living things. It cannot be pretended 
that the reader without some biological training will 
find the Scrence of Life easy to read. But Mr. Wells 
could not have rendered a greater service than by 
initiating what promises to be the first synthesis of 
modern views on the grand scale, written as plainly 
as the subject will allow. 

The antagonism to biological knowledge is “‘ by no 
means dead,’ but of the authors’ further comments 
one, at least, in regard to vivisection, is questionable. 
It is justly pointed out that a constant struggle is 
going on to keep physiological or pathological 
information from people who might put it into 
beneficial practice, and to prevent the complete 
discussion of such questions as the possible control 
of the pressure of population upon the reserves of 
the community. In parts of the United States there 
is a formidable campaign also against biological 
teaching that runs counter to the literal interpretation 
of the Bible. ‘‘A more intimate and dangerous 
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attack upon biological progress is the sustained 
agitation to forbid experimentation upon living 


animals for scientific ends. Such experimentation is 
very rarely painful; in most civilized countries it is 
carried out under licences that ensure its restriction 
to sane and intelligent operations, and the necessary 
publication of its results is a guarantee against any 
possible abuse of the confidence reposed in_ the 
licencees.”’ 

We 
tion is well supervised, but surely it is only pro- 


agree that under modern conditions vivisec- 
viding the opponents with a stout weapon to suggest 
that experimentation is verv rarely painful. 
Many observers are now agreed that the feelings of 


such 


animals are evidently on a different footing to human 
the other hand, that 
experience pain is equally not disputed. 


animals do 
To be robbed, 
for instance, of the kidneys may not be painful in 
the sense that the removal operation would be if 
performed without anaesthetics—which is never now 
the case—but that the animal suffers in consequence 
of the operation is often self-evident. In our opinion 
the justification is rather that, unpleasant though 


feelings; on 


vivisection admittedly is, the suffering caused is as 
nothing compared with the greater volume of more 
acute pain which human beings would experience in 
the absence of discoveries so achieved. 

This example, however, only illustrates the chief 
characteristic of the Scrence of Life—its extraordinarily 
thought-provoking style. Few paragraphs do not 
that is likely to rouse 
discussion, but this the authors anticipate in saying 
that the reader will not have made the best use of the 
book unless, instead of accepting its judgments, he 
uses them to form his own. 


What is Life ’ 


contain some _ statement 


We are reminded that the distinction between what 
is living and what is not living is by no means clear. 
Seeds, small worms, and microscopic animalculae can 
be dried up completely and left totally inert for long 
periods of time, so that it is impossible to distinguish 
them from dead organisms; then at the touch of 
moisture they will resume the recognizable process 
of life. Do they /ive meanwhile ? 
through the sharp 
distinction between “ organic’ matter (the product 
of a living thing) and inorganic matter, nevertheless 


Science has passed 


phase in which there was a 


one fact remains, that all the life we 
know is one continuing sort of life, that all the life 
which exists at this moment derives, so far as 


human knowledge goes, in unbroken succession from 


life in time, and that the unindividualized 


past 
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non-living work is separated from it by a definite gap.” 
Perhaps the most striking section of the introductory 
chapter deals with the limitation of life in space. 
Every effort of man to ascend to more than a limited 
height has been frustrated and a similar experience is 
found in regard to depth. The ocean at its deepest 
goes down perhaps for seven miles. Life, therefore, 
so far as we know, is confined to a layer of air and a 
layer of water, having a total thickness of less than 
fourteen miles, on this comparatively small planet 
Earth, and no one single form of life is able to span 
even these petty limits. Man’s vertical range seems 
to be as great as any creature’s, and it is no more than 
eight miles. In all the wilderness of space outside 
this double film, we read, there are only the very 
faintest suggestions of the possible occurrence of life, 
or of any processes comparable with life, but in the 
opinion of Messrs. Wells and Huxley it is premature 
to define its final limitations. It seems that life must 
once have begun, but no properly informed man can 
say with absolute conviction that it will ever end. 


Mars and the Moon. 


The recent proposals to shoot rockets to the moon— 
though not mentioned by the authors—are given a 
decisive blow in a vivid picture of the effect upon 
beings from our planet of the conditions prevailing 
in other worlds. ‘‘ The mass of Mars, and still more 
so the mass of the moon, is much less than that of the 
arth, the gravitational energy at the surface of either 
planet would be less, the atmospheric pressure would 
be much less, on the almost entirely airless moon it 
would be practically nil, and so the weight of a living 
body and of its parts and fluids would be much less 
there and the pressure on its surfaces very much less. 
The lungs of a terrestrial animal would be unable to 
get air enough to breathe, the gases dissolved in the 
fluids of the body would effervesce and expand and 
blow out all its closed cavities, our joints would lock, 
the heart would drive the blood through the membranes 
that are sufficient to contain it on earth, and we should 
bleed in our lungs, in our throats, eyes, ears, and be 
choked with blood. On the other hand, a man 
reconstructed to walk on Mars would be crushed to 
death by his own weight on the earth. Life on Mars 
would have to be so different in its character from the 
life we know, that one would almost need another 
word for it.”’ 

Throughout the 
remarkable that no resort was had to any magnifying 
contrivance, with the possible exception of the use of a 
water flask for this purpose, until the development 
of the microscope in the seventeenth century. To 
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balance the want of imagination in this respect, 
however, it is interesting to be reminded that, as we 
study the history of animal classification down to the 
present day, we find only very slight variation of the 
original grouping of the more familiar animals and 
a steady increase of distinctions among less familiar 
forms. The naturalist kept opening up new depart- 
ments as riddles were upon his attention. 
Always until quite recent times in every classification 
there would be a kind of ragbag class, ‘“‘ Vermes,”’ 
“ Radiata,’ or ‘* Zoophyta,”’ into which all the residue 
of puzzlers would be thrust. It is, therefore, not 
surprising that among these out-of-the-way flowers 
and_ plants, the interesting and 
illuminating work of modern times has been done. 


forced 


some of most 


Are Men Machines ? 


We are tempted into many interesting side-alleys 
by this very stimulating discussion of the history of 
biology, but we must turn, in conclusion, to the most 
interesting question arising from this first part of the 
Science of Life—How far are men machines? ‘ We 
shall find,’’ the authors tell us, “ first that the human 
body is a machine, amenable to the same chemical 
and physical laws as most of the machines man makes 
himself for his own ends. But next we shall realize 
that it is far stranger and more complicated than any 
machines that have ever been contrived by human 
agency. And, thirdly, we shall find it is a machine 
which does its own repairs, sees to its own fuelling and 
lubrication—though many automobiles attend to the 
latter need nowadays—and has the capacity of making 
new machines to replace itself.’’ It is further stated 
that man must eat and also man must sleep. There 
may be interruptions and delays, but that is the 
formula, and to disobey it for long is death. 

Remarking on these processes, our authors ask 
whether their analysis is sound. ‘Is a living man 
fundamentally a machine? That is a _ question 
capable of experimental decision. We can measure 
the amount of food that a man or an animal consumes 
over a given period of time, and we can measure the 
energy yielded during the same period. If we burn an 
equal weight of similar food in a suitable apparatus 
and find out how much energy its combustion yields, 
and if this value is equal to the energy yielded by the 
experimental subject, then evidently the living 
organism, so far as its energy-output is concerned, is 
really and precisely a combustion engine. Such 


experiments have been performed,’ as the result of 
which the authors assert that ‘‘ the whole of what we 
have called the fundamental round of Mr. Everyman 
In regard to detail the 


>?) 


is a mechanical process. 


DISCOVERY 


authors guard themselves by going on to say that, 
naturally, they do not suggest that this denionstration 
mechanical nature explains 
everything; the living body has certain obvious 
properties that distinguish it from any man-made 


of our fundamental 


machine. The body grows and reproduces its kind, 
and is conscious. 

But it 1s in the sentence following, about the nature 
of life, that there occurs an explanation which rests 
on an assumption, but is stated dogmatically as if it 
were fact capable of experimental proof. The sentence 
reads :—“‘ In later parts of this work we. shall discuss 
the intensely interesting question how far it has been 
found possible to bring these higher and more intricate 
phenomena underlying development and mind into 
an agreement with known physical and chemical laws 
similar to that which holds good for the primary round 
of life. But here we will content ourselves by pointing 
out that these phenomena do not occur unless that 
fundamental round is sustained. A brain must have 
food and oxygen or it cannot think, and an embryo, 
if it is to grow, must have them too. There is no 
observable life-process which is independent of a 
supply of physical energy. When that ceases growth, 
movement and all signs of consciousness cease also— 
so that in studying the physical mechanism of the 
body, even if we are not studying development and 
mind themselves, we are studying conditions upon 
which they rest and from which they are apparently 
inseparable.’ 


The Alternative View. 


The three questionable words are here italicized. lor 
though we do not overlook the later use of the word 
apparently,’ the sentence containing them is so 
constructed as to leave no possible doubt that the 
are to be 


eé 


‘higher and more intricate phenomena ”’ 
regarded as existing only in association with the body. 
The alternative view that they may be rather the 
manifestations of a force or spirit working in and 
through the human frame does not, it seems, deserve 
serious attention. Otherwise it would surely have 
been mentioned at this juncture, since it is based on an 
assumption equally susceptible of debate. 

We have, naturally, enough respect for Mr. H. G. 
Wells and Professor Huxley to suppose that meta- 
physical implications will be given due weight in a 
later part of the Science of Life. But in their initial 
failure to recognize the problem it would seem that 
they are as much out of date as are those opponents 
of biological research whose ignorance at least provides 
some excuse for their one-sided attitude. 

J. A. B. 
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The Exploitation of the Dead Sea—l. 


By I. Melamede. 


Having been recently on the technical staff of the Palestine Government, the writer brings first-hand experience 


to bear on the Dead Sea scheme. 


The present article deals mainly with the chemistry and engineering involved 


and will be followed by another on the financial and transport aspects. 


THE Dead Sea has all the characteristics of the land 
in which destiny has placed it. Located in probably 
the most inhospitable region in the world. climatically 
and otherwise, it lies in a depression of 1,300 feet, 
the lowest site in the world. Its name was symbolical 
of the earthly Gehenna, the favourite habitat of 
Pluto, yet it is now to turn into a sea of life, a paradise 
of diligence and activity. Already the Dead Sea 
has engaged the attention of many experts in many 
felds, it has given anxious thoughts to diplomats, 
and gigantic concerns on both sides of the Atlantic 
have sent their best scientific and economic advisers 
to report on its potentialities. Yet, while there is 
obviously a full appreciation of its economic value, 
a consensus of opinion on its approximate worth can 
hardly be said to exist. Mr. Ormsby Gore, the British 
Under-Secretary of State for the Colonies, has aptly 
termed the exaggerated expectations as being based 
on ‘‘ astronomical ’’ figures, on the other hand the 
German experts are sceptical or at least reserved. 
But paradoxical though it may seem, the truth is on 
both sides, as will be seen from an analysis of the 
immediate antecedents of the Dead Sea Concession. 
Of course the Dead Sea is a household world to 
all students of the Bible. Ezekiel (xlvii, 9-12) has a 
few graphic sentences about the death sterility and 





chance to either fish or vegetation and which turns 
all animal matter into colossal and endless masses of 
salt. Later Josephus, our authority on conditions in 
the Holy Land during the rise of Christianity, gives 
it the honourable appelation of a ‘‘ Sea of Asphalt.”’ 

In the Middle Ages the Crusaders were not ignorant 
of its commercial properties; and some _ centuries 
later, before 1850, scientific expeditions had begun 
to be organized to the Dead Sea, the most productive 
of which were those of an American named Lynch, the 
Englishmen, Wilson, Hull and Martin, the Frenchmen, 
Luynes, Lartit and Gautier, and last but not least 
that of the Germans, Schmidt and Blanckenhorm. 
Until recently Blanckenhorm was our authority for 
such knowledge as we then possessed of the chemical 
wealth of the Dead Sea, for until his days all were 
more interested in studying it as a_ remarkable 
geological phenomenon, with its unique depression, 
its inhospitable climate and legendary past. Little 
wonder that from the chemical aspect there are scant 
references in the literature of the past. 

Then came the Great War and the _ British 
Occupation with their tremendous upheavals and 
their everlasting impress upon the destinies of the 
Holy Land. With the advent of British troops under 
General Allenby in 1917 the investigation of the 










































































barrenness of the water, which gives no breathing Dead Sea resources became an actuality. Two officers 
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studied the question on the spot early in 1918—Major 
Brock, director of the Geological Survey of Canada, 
and Major Tulloch of Woolwich, who has been recently 
much in the limelight as the prospective partner in 
this tremendous concession of Mr. Novomeysky. The 
latter, a mining engineer from Siberia with an enviable 
and business had foreshadowed 
important possibilities on his first visit to Palestine 
in 1911, when he subjected the contents of the Dead 
Sea waters to a minute chemical analysis in his own 
laboratories as well as in Germany and America. 

Not until 1925, however, was the question of the 
grant of the concession, as distinct from the survey and 
chemical research, a topic of serious discussion in the 
Foreign Offices as well as in Parliaments. A report 
published in that year by the Crown Agents for the 
Colonies in England, entitled ‘‘ Production of minerals 
from the waters of the Dead Sea,’’ contained the 
results of experiments made on the Dead Sea shore 
by the geological adviser to the Palestine Government, 
and of chemical tests made in London, as well as the 
findings of an economic committee officially formed 
under the senior Crown Agent, Sir Henry Lambert. 
It was on the basis of findings contained in these 
valuable documents that the Colonial Office invited 
tenders. [our were received, all of which were 
definitely rejected. The small number of tenders is 
explained by the immaturity of the problem at that 
time, but only a year later, in 1926, four further 
tenders were received. Of these, a combined one 
submitted by Mr. Novomeysky and Major Tulloch 
was found to be the most acceptable and was singled 
out for examination. These gentlemen are now in 
negotiation with the British Government authorities 
in London to conclude terms for the scheme. 


scientific record, 





THE DEAD SEA. 


The Mountain of Salt, named after Sodom, the accursed city which tradition has 
placed on the shores of the Dead Sea. 
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THE RIVER JORDAN. 


View of the Jordan and its arid banks, taken not far from the point at which it 
enters the Dead Sea. 


What exactly is the mineral wealth of the Dead 
Sea? According to Major Brock’s report, by far the 
most authoritative from the chemical standpoint, 
its waters contain the following qualities :— 


Potassium Chloride 2,000 million tons 


Magnesium Bromide g&o ” 


Sodium Chloride (Salt) 11,Qoo m 
Magnesium Chloride 22,000 mn 
Calcium Chloride 6,000 " 


In common parlance, it may safely be said that the 
supply of potash is inexhaustible. Now these figures 
may sound exaggerated, but they are not themselves 
‘astronomical ”’ in the sense that the Colonial Under- 
Secretary would have us believe. No doubt the 
economic inferences may be astronomical, as will be 
shown later. For when a responsible member of the 
British Parliament valued those resources at the 
ludicrously high figure of £14,000,000,000 (fourteen 
milliard pounds) it exhausted Mr. Ormsby Gore's 
patience and induced him to use the term. It is one 
thing to state or estimate the chemical and mineral 


resources, it is quite a different thing to translate 


their commercial value in pounds sterling. This 
commercial value depends on such considerations as 
transport, world competition, and the market 


fluctuation, some of which are still in an embryonic 
stage or have yet to be created. In particular the 
conditions of the world chemical industry have to be 
thoroughly studied before a definite view can be 
formed. 

A brief analysis of the world consumption of potash 
and the other salts available from the Dead Sea may 
therefore be given at this point. In speaking of 
fertilizers, one automatically puts the emphasis on 
Potassium Chloride, which is the principal element of 
fertilizers. In 1900 the United States alone consumed 
2,300,000 tons of potash in the form of potassium 
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Salts. In 1910 Germany consumed 1,103,000 tons of 
Such fertilizers, while the world consumption of potash, 
amounting at that time to 2,200,000 tons, rose in 
But this is not all, for in 
addition to agricultural use, other potassium salts 
constitute indispensable raw materials in the making 
of glass, matches, tannery, leather, photography, soap, 


1920 to 3,300,000 tons. 


candles, perfumery, and pharmaceutical products. 

Sodium Chloride—better known as common salt—is 
used in large quantities in soap, the paper industry, 
photography, dyeing and ceramics, and is one of the 
most valuable of raw materials in the great chemical 
industry, serving particularly for the manufacture of 
hydrochloric acid, chlorine and caustic soda. The 
list of other chemicals which can be prepared from 
common salt is long and seemingly endless, and they 
find many useful applications in industry. .Wagnesium 
Chloride, with the sulphate and carbonate, are used in 
pharmaceutical products, paper, textiles, etc., while 
Magnesium Bromide is used for the preparation of 
bromine, which has a variated application in dyeing 
and in several highly specialized industries. Bromides 
are used in medicine and photography. 

To return to the Dead Sea, its unique geographical 
situation—in the lowest depression in the world—puts 
the area in a most favoured position as regards the 
extraction of its numerous resources, as well as the 
industrial exploitation of the salts it contains. Here 
are combined incalculable masses of raw materials 
with natural plant and natural machinery close at 
hand, for it is, if one may put it so, an immense plant, 
the machinery of which is already in being in the 
form of natural means. On the one hand there is 
the Dead Sea, a receptacle of the dissolution of an 
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enormous quantity of salts, on the other there are the 
gleaming rays of the sun, which evaporates daily 
156,000,000 cubic feet of water that pour into the sea 
from the Jordan. This river itself, by no means 
large but unquestionably powerful, is there to give 
the pure water necessary to treat and purify all those 
salts that will be created by evaporation. 

It will not be amiss in this connexion to draw 
in brief comparison between the rather more 
important exploitation of this kind that is effected 
daily at Stassfurt. Potash, as a mineral, is extracted 
at Stassfurt from the substrata of the soil at a depth 
of from 1,000 to 3,250 feet. Impure and rough when 
brought up to the surface, this mineral is dissolved 
to pass through the first processes of purification. 
The solutions obtained are then put in_ caldrons, 
where they are heated and evaporated. This 
preliminary treatment produces the carnellite which 
contains about 20 per cent of potassium chloride, 
the rest being magnesium chloride and sodium chloride. 
A large portion of the product is sold in the open 
market as a fertilizer containing from I6 to 20 per cent 
of potassium chloride. The rest is dissolved once 
more, and put again in caldrons with a _ view to 
obtaining a richer product containing from 75-85 per 
cent of potassium chloride. No fewer than 40,000 
workers are employed at the workshops of Stassfurt, 
which contain 2,500 caldrons. The capital invested 
is valued at £16,000,000 sterling. It is calculated 
that half the value of the final product is invested 
for the extraction of the mineral, while the other half 
goes to its purification. 

As regards the process at the Dead Sea, a glance 
at the climatic and geological features will convince 
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SALT FROM THE SEA. 


Work is here seen in progress on salt extracted from the Mediterranean sea water, at Athlit, the Jewish colony near Haifa. 
Evaporation will be over twice as intensive at the Dead Sea, owing to the greater power of the sun’s heat in this locality. 


anyone how advantageous are the conditions there 
as compared with these at Stassfurt. lor the heat of 
the sun will be the principal agent of the immense 
work that is to be done. The force of the heat is such 
that 125 gallons of water are evaporated daily per 
square yard of surface—an evaporation which is two 
and a half times as intensive as that obtained on the 
Palestinian coast of the Mediterranean Sea. 

Electrical pumps will draw the water from the 
Dead Sea and manual work will only be required to 
unite, transport, and despatch the masses of salt 
produced in the course of the different operations 
performed. The water will be drawn from a depth 
of some 250 feet, as chemical tests have proved that 
there the water is in a most profitable condition, 
containing 332 grammes of salts per litre of water. 
Moreover, all salts other than the magnesium bromide 
are in a chloride condition, which will considerably 
facilitate the necessary operations of separation and 
purification. 

Immense concrete basins will serve as reservoirs 
for the waters thus drawn by electrical pumps. These 
basins, up to 820 feet in length, will be filled 
with Dead Sea water up to a height of 3} feet. The 
sun will then begin its colossal task of evaporation. 
Within relatively short time, say fifty or sixty days, 
the bulk of the sodium chloride will have been 
deposited at the bottom of the basin. By the power 
of gravitation the water which covers the deposits 
of salts (the mother liquor) will flow into a second 


basin, or rather into a chain of basins identical with the 
first, where it will be subjected to a new evaporation. 
Meanwhile the sodium chloride will have been amassed 
in the first basins in the form of immense pyramids 
which the sun will begin to dry. The product obtained 
from these first processes is very pure. 

At the end of thirty or forty days the evaporation 
in the second basins deposits the potassium chloride 
contained in the water as artificial carnellite (very 
similar to the carnellite of Stassfurt) and which contains 
some 20-22 per cent pure potassium chloride. The 
remaining elements are magnesium chloride and 
sodium chloride; by the process of gravitation the 
mother liquor of this second evaporation will flow into 
a third series of basins. Evaporation will here deposit 
the magnesium chloride and the surplus water— 
evaporated a fourth time in small basins—contains 
the precious magnesium bromide which, when dried 
and amassed, will be finally treated with a view to 
obtaining bromine therefrom. 

Once completed, the same series of operations may 
repeat itself. It has been experimentally proved 
that no fewer that four complete cycles of evaporation 
may be obtained annually, but these tests, necessarily 
made with small quantities, cannot be regarded as in 
any way conclusive. In the writer’s opinion three 
cycles will be ample, with a remarkable result 
unequalled by anything that has been so far obtained 
elsewhere. Considerations of price and marketing of 
the products will be considered in a later article. 
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The Electron and Professor Eddington. 


By H. F. Biggs, M.A. 


New views on the behaviour of matter and the structure of space and time have been advanced almost 


simultaneously within the past few months by Professors Eddington and Einstein. 


‘“ We owe Professor 


Eddington a big debt for pointing out so explicitly the serious discrepancy in our laws for the motion 
of electrons—so making a brilliant effort to advance one step further towards the conception of an orderly 


universe—but we have to admit that his theory 1s at least incomplete.”’ 


TRULY this is an age of hustle. While we may be 
content to place Newton’s discovery of gravitation 
some time in the latter half of the seventeenth 
century, in 1929 we must specify the month and the 
day if we are to put in their time-order two important 
contributions to theories of equal importance 
Eddington’s theory of the essential nature of the 
another, and 





action of one individual electron on 
Einstein’s working in of electric forces as an essential 


part in his grand scheme of the universe. 
Contacts with Reality. 


Of course Newton's discovery is much easier to 
understand ; as we probe deeper into Nature's secrets 
it is inevitable that we must get further from things as 
they seem, from the dear familiar things—stones, 
chairs, trees, dogs—all immensely complicated, but 
bundled up with all their complications into neat little 
words of one syllable. There is no shadow of doubt 
that an electron is sxmpler than a dog or a stone, but 
that is not to say that its ways are anything but 
strange, and perhaps only describable in the queerest 
symbolic language. Nothing like so strange, however, 
as our ways would be to an intelligent electron; it is 
all a question of familiarity or the reverse. Some 
day, perhaps, we may find that our mathematical 
equations can be interpreted step by step in terms 
of observable or imaginable quantities, but at present 
we must be grateful for an occasional contact with 
“reality.”’ It would seem as if behind the scenes, 
somehow, the electrons were living a life of their own, 
a life represented by rather peculiar mathematical 
symbols which in just a few of their combinations 
describe observable facts, when the electrons come 
out on the stage and perform their antics under our 


gaze. Such is one of the impressions produced by a 


reading of Professor Eddington’s paper on the electron. 
(Proc. Roy. Soc., January, 1929. 
given in The Times of 18th January.) 

There is a remarkable number (I shall call it J), 
about 137, whose importance is asserting itself ever 
more strongly. 


A short report was 


This every perspicacious physicist 





A later article will discuss Einstein. 


must have felt was bound to happen, for the simple 
reason that it is a pure number, independent of our 
choice of any kind of unit. Thus even if we had 
adopted feet, pounds and hours instead of centimetres, 
grams and seconds, N would have come out the same. 
Hitherto, it is true, this number has appeared in the 
form he/27 e*, a product of several quantities each of 
which happens to have obtruded itself on our 
experience in a branch of physics of its own, more or 
less independently of the others. Thus / might be 
called the sign manual of the quantum theory; the 
quanta or chunks in which light of given frequency 
transfers energy from one electron to another are equal 
to # times the frequency. The next quantity, c, was 
first known as the velocity of light, but nowadays, 
when we try to think of space-time as all one four- 
dimensional thing, we look on c rather as the number 
of centimetres that “‘ go to” a second, almost like 
the number of ounces that go to a ton. Again, ¢ is 
the charge on the electron, e* being the force between 
two electrons one centimetre apart. 


Experimental Evidence. 


These three quantities have all been separately 
determined almost directly from their definitions, 
c first by the apparent unpunctuality of Jupiter’s 
family of moons as they played peep behind their 
father’s portly form, and last by Michelson by whirling 
round an octagonal mirror so fast that by the time a 
of light reflected from one face had travelled 
there and back to a mirror on a mountain top only 
twenty miles away, the next face had come up to 
take the place of the first, and the light retraced its 
steps. To find e, the electronic charge, Millikan hung 
in air by an electric force an oil-drop with a single 
electron on it. That is to say, while an ordinary 
neutral oil-drop contains many billions of negative 
electrons exactly balancing the same number of 
positive protons, it is quite easy to upset the balance 
by taking off or putting on a single electron, so that 
the drop, which when neutral falls slowly through the 
air, may be made by an electric force to rise slowly 
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or to hang stationary. Thus the pull of a known 
electric field on the single electron is measured against 
the known pull of the earth on the mass of the drop. 

To find h independently of e and c is not quite so 
simple a matter. In fact, all the most accurate 
determinations of h depend on our knowledge of e. 
Take the direct conversion of radiant energy—light or 
X-rays—into energy of motion of electrons, or vice 
versa. It is easy to find the voltage-level up to which 
an electron is hurled out of any substance by light of 
given frequency, or to find the frequency excited by an 
electron, fallen from a given voltage, when it bumps 
into matter, but to deduce actual energy amounts 
we have to know the charge of the electron, just as we 
have to know the weight of a cricket-ball to deduce 
the energy of a throw from the height to which the 
ball rises. 


Fundamental Qualities. 


These three quantities, then, have been regarded 
as separately fundamental, so that the number 
appeared just as a particular grouping of them which 
had a way of turning up with curious persistence. 
But this can hardly be a properly balanced compre- 
hensive of the case. Indeed, the numbers 
h=6.5 X 10-2”, c=3x10 and e=4.77xX1I0~™ are 
quite meaningless without reference to our purely 
conventional units of length, time and mass; _ the 
combination he|27 e~ on the other hand—our number 
N- stands by itself, quite independent of our random 
choice of units. Now it is dead against all our 
principles of thought about the universe to admit 
with any complacency that Nature would operate 
with unconnected elements, quanta of a certain size 
and electrons of a certain size, created in the beginning 
like the monkeys and the bears in the Garden of Eden, 
so now that we know there 7s this relation between 
them, expressible by the absolute number JN, the 
time seems ripe to probe deeper into the meaning of 
the relation, and to endeavour to discover whether 
there may not be some other point of view from which 
this V will appear as something more fundamental 
still, connected, say, with the number of dimensions 
of space. This is what Professor Eddington has 
tried to do. 

There is another reason why it seems likely that 
c,é and h (or at any rate, e and /) are not essentially 
separable. Every time a _ physical quantity is 
measured, the experimenter is at the greatest pains 
to eliminate all influences that may complicate the 
effect he is examining, which only means that he 
chooses deliberately a case as extreme as possible. 
For instance, even in Millikan’s oil-drop experiment, 


view 
27 


all he found was the action between a horde of electrons 
and protons, differing in number by one, on his drop, 
and other hordes on his charged plates. Now we do 
not imagine we can arrive at an intimate understanding 
of the mainsprings of human action—hunger and 
thirst, love and hate—by studying the diplomatic 
correspondence between a horde of men and women 
in England and other hordes in America and China, 
so we can hardly suppose that experiments in such 
extreme circumstances (from the point of view of the 
electron) can give us much information about the laws 
governing the everyday life of an electron among his 
fellows. At great distances, it is true, he seems to be 
governed solely by the simple inverse square law of 
repulsion, represented by e alone, like the theorists’ 
one-motived Man,’ but at (to 
ordinary distances, like the rest of us, his motives 
are always mixed—the exact mixture being represented 


‘“ Economic him) 


probably by fhc/2z7 e*, our dimensionless number N. 
Now within the last year or two, we have found out a 
lot about the behaviour of electrons in circumstances 
as extreme in the opposite direction, that is, when 
they are packed very tight indeed, as in the famous 
Companion of Sirius (see Eddington, Stars and Atoms, 
Oxford, 1927) with a density of a ton to the cubic inch, 
and also even in ordinary metals. Here the law of 
repulsion is replaced by a “ law of individuality.” 
Out in the open country, the electron merely feels a 
repulsion from his fellows, the rule being that if they 
halve their distance the repulsion is four times as 
great; but if he is compelled to submit to over- 
crowding, he asserts his individuality by refusing to 
behave exactly like any of his neighbours. And, 
strange to say, the charge e is conspicuously absent 
from the mathematical expression of this behaviour, 
which does involve /, just as / has nothing to do with 
the inverse square law. The conclusion is hardly to be 
escaped—if the controlling factor at great distances 
is e, and at close quarters /, the true general relation 
expressing the normal action between electrons will 
be a quantity containing both factors, and the naturai 
quantity to try is that marked out for us by its 
absoluteness, namely JN. 


‘‘ Wave Mechanics.’’ 


This law of individuality follows from ‘“ wave- 
mechanics,” a new aspect of the intimate affairs of 
the electron, which though only propounded by 
Louis de Broglie and Schrédinger in 1925 and 1926 
has already, with its twin brother, the “ quantum 
mechanics’’ of Heisenberg and Dirac, made radical 
changes in our outlook in every branch of physics. 
Not content with the strange dualism of the® old 








134 oo DISCOVERY 


quantum theory, in which light had to be regarded 
now like the smooth-flowing waves of the sea, now 
like the bullets from a machine-gun, progress demanded 
that we should introduce a similar dualism, the other 
way round, into our notions of electrons, hitherto 
typical of all that was most discrete and atomic, and 
regard each electron as a set of waves of indefinite 
extent. If then, two electrons in the same region 
could be doing exactly the same thing, say travelling 
in the same direction at the same speed, their wave- 
trains would, of course, have the same wave-length 
and be travelling in_ the direction. But 
ordinarily, if we have two such sets of waves arising 
from any causes, they cannot appear as distinct sets 
in other words, 


same 





at all, but must fuse into a single set 
our two electrons would become one, so that whatever 
underlying principle it is that gives electrons their 
discreteness, or individuality of position, this same 
principle makes them assert this individuality by 
refusing also to conform in their motions, any one with 
any other. (I have tried to explain this matter more 
fully in an article in Nature, Vol. 121, p. 503, 1928.) 


A Recurring Incentive. 


It is not the first time that a discrepancy between 
formulae for extreme cases has been an incentive 
leading to a big advance. In 1g00 Planck invented a 
formula for the distribution of energy in the spectrum 
of hot bodies which became in one extreme case the 
known formula for the high-frequency part of the 
spectrum of coolish bodies, and in the other extreme 
agreed with the formulae for low frequencies from very 
hot bodies. Then—the first great break-away from 
the old deadening classical physics of the end of last 
century—he accounted for his formula by the 
revolutionary hypothesis of quanta of energy. 

Now you may well ask : How can there be anything 
very fundamental about such a large number as 137°? 
our would be easy, three for space and one for time, 

! Well, frankly, 137 
It has not even the grace to 
However, 


or even 16, but 137 

seems quite intractable. 
allow itself to be split into factors. 
experiment seemed to allow a little latitude, and 
Professor Eddington tried what could be done with 
136 instead. Even so, the matter obviously cannot 
be perfectly simple, and I do not think there is 
anything to be gained by trying even to indicate 
the nature of Professor Eddington’s daring and subtle 
argument in an article such as this. Even were it 
feasible, unfortunately it does not seem possible to 
reconcile the number 136 with experiment, so that 
although we owe Professor Eddington a big debt for 
pointing out so explicitly the serious discrepancy in 





our laws for the motion of electrons in the two extreme 
cases of great distances and close packing, and for 
making a brilliant effort to bridge the gap and to 
advance one step further towards the conception of an 
orderly universe, yet facts are still facts, and we have 
to admit that the theory is at least incomplete, 
I should perhaps go so far as to point out what 136 is, 
and how it is more closely connected with 4 than, 
say, 137 is. Have you ever noticed those triangular 
arrays of figures in the front end of a bus, showing the 
fares between any two points of the route? Well, 
if there were 16 points on the route, the number of 
entries in this array would be 136, counting every 
pair of points once, which makes 120, and also counting 
the 16 dashes or zeros giving the fare from each point 
to itself. So 136 has a fairly close connexion with 16, 
and 16 has an obvious connexion with 4, the number 
of dimensions in space-time. The reason why 136 
cannot be accepted as reconcilable with experiment is 
worth recounting. At first sight it seemed as if a 
slight change in the accepted value of e, from 4.77 to 
4.79, would be enough to change he/27 ée* from its 
accepted value of 137 to the value 136 required by 
the theory, and few physicists would have felt this to 
be impossible in spite of Millikan’s strongly asserted 
faith in the accuracy of his figure. The trouble, 
however, is that, as I have mentioned earlier, the value 
we take for # depends also on e. It is found, indeed, 
that if we replace / by e and numbers quite beyond 
suspicion, our number N depends not on the square 
of e but on the cube root of e, so that we should have to 
change e from 4.77 to 4.89 instead of 4.79, too drastic 
a shift even for Millikan’s worst enemy. 


Artificial Sunlight. 


ARTIFICIAL light treatment was the subject of an 
article in the Daily Mail of 15th March, which over a 
few extracts from a report issued by the Medical 
Research Council printed the spectacular headline 
‘Medical Attack on Artificial Light Treatment.”’ In 
view of the remarkable growth of this new science, 
which like every other is not entirely free of ‘‘ quack ” 
practitioners, the article attracted considerable 
attention, but its exaggerated impression was corrected 
the following morning in a letter to The Times from 
Mr. R. King Brown, medical editor of the British 
Journal of Actino-Therapy. He stated that the matter 
from the Medical Council’s report summarized 
experiments carried out by one research worker, 
of which the full details are not yet available for 
comment. Artificial light treatment has, moreover, 
been in use since 1893. 
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A Cave-Dweller New to Britain ? 


By W. M. Tattersall, 


Professor of Zoology, University 


D.Sc. 
College, Cardtff. 


A variety of a water creature which dwells in caves has now been discovered in Britain, where its occurrence 


vaises some interesting problems. 


As with our recent article on Ennerdale Water, the aid of geologists ts 


required for a solution, the subject offering scope for original research. 


RECENTLY I received for examination, through the 
courtesy of Dr. W. T. Calman, F.R.S., of the British 
Museum, some specimens of an isopod of extraordinary 
interest. 

These little animals belong to the group Crustacea 
—which includes the and lobsters, besides 
countless smaller water creatures—and had_ been 
collected by Lucas of Ringwood, in Hamp- 
shire, from that they 
proved on examination to blind 
subterranean species, Asellus cavaticus, not hitherto 
found in the British though fairly widely 
distributed in the underground waters of France, 
Germany and Switzerland. The discovery of this 
species in England raises one or two questions for the 
to call aid 


crabs 


Miss 
wells in neighbourhood ; 


belong to a 


Isles, 


solution of which we shall have in the 
of the geologist. 

In the surface waters of Great Britain, two species 
of Asellus are found, one, 
of northern origin, and the other, dA. 
a smaller species of southern and central European 
origin. These two represent two distinct 
lines of descent in the genus. The subject of this 
article, the isopod A. cavaticus, belongs to the same 
series of forms as the second of these, and probably, 


therefore, originated in the same part of the continent. 


A. aquaticus,a larger species 
meridianus, 


species 





ASELLUS CAVATICUS. 
The cave dweller is here seen magnified five times. 


The animal presents the usual special adaptations to 
subterranean life. It is uniformly white all over, 
without the least trace of pigment. There are no 
vestiges of eyes, but, to compensate for the loss of 
the sense of sight, the sensory filaments on the 
antennules, which are tactile organs, are nearly twice 
as long as those on normal surface forms with 
well-developed eyes. 


Occurrence in Europe. 


This blind Asellus has been known in Europe for 
some considerable time. It was first discovered in 
1849 by Fuhlrott in a well at Elberfeld in Germany, 
and was subsequently recorded from a well at Munich 
(de Rougemont), from the Falkenstein caves (Leydig 
and others), from Hilgenhauser cave (Fries), from a 
well at Bonn (Weber), and from underground waters 
at Kreise Holzminden (Kuhne)—all in Germany. 
In Switzerland it is known from wells at Zurich, 
Basel and Madretsch, and in France it has been 
recorded from subterranean water at Isére. If these 
localities are plotted on a geological map of Europe 
it will be found that they are mostly on rocks of 
Tertiary or Quaternary origin. The species is found 
in the Quaternary plain of the Khine valley up to 
Basel, and on the Tertiary and Quaternary belt 
which extends from Geneva to Regensburg in southern 
Germany, and includes the Swiss lakes. It is also 
found in the south-western extension of this belt 
into south France. 

The recorded occurrences of this species from the 
Primary and Secondary rocks surrounding these 
Tertiary and Quaternary plains are at present much 
fewer. The data are admittedly scanty and allow 
no more than the suggestion that the species is 
apparently associated with Tertiary and Quaternary 
deposits. 

The point is, however, worthy of more extended 
study, and interesting results may well accrue from 
further investigation. It is relevant, therefore, to 
note that the district in which it was found in 
Hampshire is on early Tertiary deposits. 

The group of species, to which 4A. cavaticus belongs, 
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includes four other blind species, namely, A. forelit, 


from the deep water of the Swiss lakes; A. sfelaeus, 


from underground waters in the Pyrenees; and 
A. hypogeus and A. gauthieri from wells in North 
Africa. They are all very closely allied and are 


associated with Tertiary and Quaternary deposits, 
with the exception of A. sfelaeus, which is found 
on the Silurian and Cretaceous rocks of the Pyrenees 
region. Each of these blind species is associated 
geographically with a surface species belonging to 
the same group but possessing eyes and a pigmented 
body. In the Tertiary and Quaternary plains of 
Central Europe where the first two occur, A. meridianus 
is widely distributed in the surface waters. Similarly 
on the Tertiary and Quaternary plains of North Africa 
A. coxalis is associated with the two blind species 
found there, while in the Pyrenees region the 
subterranean species is accompanied by the surface- 


living A. hanyulensis. The surface-living forms 
are not so closely associated with Tertiary and 


Quaternary deposits as their subterranean relatives 
appear to be. 

Of all the species in the A. meridianus group, 
A. cavaticus is regarded by Racovitza as presenting 
the most primitive characters, and one is led to 
conclude from this that the other blind species and 
the surface-living forms are later derivatives from the 
common ancestor of the whole group. 


Geological Isolation. 


The whole series of facts here presented appears 
capable of explanation on the following lines. In 
early Tertiary times, probably Eocene, there was a 
widely distributed species of Asellus, living in 
subterranean waters, which was very closely related to, 
if not identical with, A. Subsequent 
geological changes brought about isolation of this 
form in at least three geographical areas—central 
north Africa, Europe. 
This geographical isolation has resulted in the evolution 
of two. distinct 


cavaticus. 


Europe, and south-western 
central 
one in underground waters and the other in 
the deep waters of the Swiss lakes; two species in 
North Africa; and a single species, A. sfelaeus, in 
south-western Europe. 


subterranean species in 


Eurs ype 


At the same time, or later, 
individuals of these geographically isolated species 
have left their original subterranean haunts and 
invaded the surface waters, resulting in the evolution 
of A. meridianus in central Europe, A. 
north Africa, and 4. 
kurope. 


coxalis in 
banyulensis in south-western 


These surface forms probably represent more virile 
and adaptable species which, having invaded surface 
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waters, have lost their association with Tertiary 
deposits and adapted themselves to a wider range of 
localities. This would explain the want of close 
correlation of the surface forms with geological 
deposits. The subterranean forms, being adapted to 
a much more uniform and narrower range of external 
conditions, have retained to a much closer extent 
their association with the Tertiary deposits. It is 
necessary, however, to emphasize the fact that the 
data are as yet too scanty to suggest more than the 
above explanation for what appear to be the facts, 
Extended observation may show that the suggested 
correlation of species and geological formation is 
mere coincidence. 


Unchanged Features. 


The occurrence of A. cavaticus in Great Britain is 
interesting from another point of view. It must have 
been isolated in this country at least as long ago as the 
glacial period, for it is entirely a fresh water creature. 
Yet it appears to have survived practically unchanged 
since that time. As far as I am able to judge from 
published descriptions and figures, the Hampshire 
specimens belong to the same species as those collected 
in France, Germany and Switzerland. A redescription 
of continental specimens in the light of recent 
knowledge has been promised by Racovitza, but has 
not yet appeared. At the moment, therefore, there 
do not appear to be any grounds for supposing that 
isolation in Britain has led to the development of any 
character of specific value. This is perhaps only to 
be expected, when one realizes that the conditions 
obtaining in subterranean waters are perhaps more 
constant than in any other type of environment, 
at any rate as regards such fundamental factors as 


absence of light and temperature of the water. 
Isolation for long periods under such constant 
conditions has failed to induce any appreciable 


modification of structure. This is supported by the 
suggested primitive character of the species compared 
with others of the group. Long isolation and special 
adaptations to a relatively constant environment, 
have led to less departure from the original ancestor 
of the group than is shown by the surface-living forms 
which have a more variable environment, with the 
result that its retained a 
primitive form. 

Such are the problems raised by the discovery of 
this interesting species in our islands. In calling 
attention to them in this tentative way I hope that 
further search for the species will be stimulated, for it 
is more than probable that it has wider distribution 
in Great Britain than is known at present. 
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Breeding the King of Beasts. 


By H. J. Shepstone. 


The writer describes a recent visit to what is believed to be the only lion farm in the world. It has been opened 
in Southern California, and there the King of Beasts is now being propagated on scientific lines. 


At the delightful little resort of El Monte, some 
thirteen miles from Los Angeles in southern California, 


may be 


seen the world’s only lion farm. 


It was 


established three years ago by Mr. Charles Gay, a keen 
naturalist and lover of wild-life, and has already earned 


wide notoriety. 
farm came into being is 
an interesting story. 
living men have had as 


varied 


handling the wild creatures 
of the jungle as Mr. Gay, 


who was 
the late 


On the death of this well- 
known circus 
Gay secured many of his 
more valuable 
animals and brought them 
to Los Angeles, believing 
they would appeal to the 


cinema 


collection was a varied one, 
and included 
lions, _ tigers, 
bears, hyenas and camels. 


To his 


the promoters 


disappointment 





Hollywood studios explained that they were not so 


much interested in performing animals. 


What they 


needed and needed badly were animals capable of 


movement 


command 


pretend to chase someone round the arena, spring 
into the air, leap in the direction of the camera, or 


show annoyance 


Mr. Gay's 


animals had been taught definite tricks which some 
of them had regularly performed for years, and it was 
found virtually impossible to undo this particular 


form of training. 
was the lion. 
master of the jungle ? 


l-urthermore, the animal favoured 
Was he not the King of Beasts and 
The other members of the big 


cat family had their points of interest, but it was the 


lion that the public preferred to see. 


Mr. Gay therefore got rid of his performing animals 


and decided to see what could be done in training 





lions along the lines demanded by the cinema. It 
was a venture no one had yet tried. After some 
trouble he managed to secure three young lions, 
a male and two females—Cyclone, Rosie and Mary. 
The first name was bestowed on the male because of 
his quickness and alertness, 
and no one imagined that 
anything could be done 
with him. But Mr. Gay 
thought otherwise, and 
quickly showed that it is 
possible to obtain the 
confidence of animals, 


though the procedure 
demanded much time and 
patience. He was ably 


assisted in this. strange 
work by his wife, who is 
passionately fond of 
animals and almost as 
much at home among them. 
When Cyclone and _ his 
companions had _ _ been 
taught how to jump and 
the other necessary actions, 


NUMA. aa aa iia 

- the cinema operators were 

Flashlight photograph of Mr. Gav's finest lion, which has earned over / 2,000 
in a single vear by acting for the cinema. 


invited to the farm and 
bidden to ‘‘ shoot ’’ at the 
lions. They were amazed at the realism presented, 
though at first felt a little nervous and dubious 
in rigging up their cameras. But the Gays assured 
them that they had nothing to fear. So a lion 
woul] growl, show its teeth and give a mighty spring 
in the air. 

The men then turned the handles of the 
machines but held their breath, fearing that the 
apparently enraged beast would land on its master 
and bring him to the ground. But the lion landed 
safely at his feet. Then Mrs. Gay would lie 
down and a lion would place its huge body across 
her prostrate form, but so gently that she hardly 
felt the weight. ‘‘ Wonderful,’’ cried the camera 
men, ‘you have given us the very action we 
have been seeking.”’ The venture, so far as this 
part was concerned, was voted a complete success. 
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Then came letters from all parts of America and 
even from Europe asking particulars about the farm 
and enquiring whether lions could be supplied to zoos 
These further 
enquiries led Mr. Gay to establish a properly equipped 
farm where lions could be reared. 


and circuses and to private collections. 


It was impossible 
to secure the necessary ground in and around Los 
Angeles, so five acres of land were purchased at 
El Monte. To describe the farm as an ordinary show 
place would be inaccurate. There is a dignity and 
purpose which stamp it as no ordinary venture. 
True, as you pass along the main thoroughfare you are 
attracted by the entrance, which is made in imitation 
of a West African 
Like the 
tower at one 


setting. 
end 
of the building the 


entrance portico 


has a palm- 
thatched roof. 
Within you find 


yourself ina 
spacious lobby, of 
which the walls are 
adorned with a 
dozen lions’ heads, 
as well as_ with 
specimens of other 


African game and ing to come sudden- 
similar trophies. ly upon a grouy 
Through the meee of young lions in 
‘ Pier . ae oe % ~ 
gateway are seen fig the bright Cali- 
grass lawns and fornian sunshine, 
shade walks and to see them 
h " led ul KS A STRANGE MOUNT. i 
which are lined Mr. Gay, the owner of the farm, riding one of his lions. Such training has demanded years of careful at play, chasing 


with 
bamboos. 


palms, 
and other semi-tropical trees and shrubs. 
At every turn are spacious pens—from 100 to 300 feet 
in length, and 60 to roo feet in width—where lions 
of all ages roam. 

At the time of my visit there were 104 lions on the 
farm, ranging in age from a few davs to eighteen 
vears. The majority were born and reared on the 
establishment, though several males had been imported 
from Africa and other places. Mr. Gay realized that 
to breed a first-class type of lion it was necessary to 
import new blood. As a result it is impossible to 
imagine a finer type of lion than those found on this 
quaint farm in southern California. 
to be in a position to raise 200 lions a year, for which 
a good market is anticipated. The fact is that the 
lion is much scarcer to-day than many people imagine. 


He hopes shortly 


Its native home, of course, is Africa, where at one 





study of the animal's habits. 


time it was to be found in large numbers. But it has 
been hunted ruthlessly by sportsmen and _ natives. 
and killed by ranchers and farmers who regard it as 
a pest, and the various governments have encouraged 
the destruction of this noble beast. Even in the great 
African game reserves the lions are scarce, the wardens 
having shot them to prevent their preying upon the 
other creatures who were looked upon as more valuable. 
In many parts of Africa, where a couple of decades 
ago the lion was to be found in large numbers, not a 
single specimen is left. 

On entering the farm one is confronted with a 
spacious grass lawn, on which are two large arenas, 
one containing 
some twenty lions 
from a 
eighteen 
old, the 
dozen 
two-and-a-half to 


year to 

months 
other a 
lions from 
three years of age. 
The pens are 
enclosed to a height 
of several feet by 
stout wire-netting, 
through which the 
animals can readily 


be seen. It is thrill- 


| 
one another round 
tree logs and 


It is a truly 


the enclosure, jumping over fallen 
generally frolicking like huge kittens. 
tropical setting. Mr. Gay accompanies his visitor: 
round the farm, entering many of the cages, not se 
much to make his strange pets perform some little 
trick for their amusement, but rather to explai 
When he calls al 
animal by name it will come towards him, and yo} 


are told its age, how it was reared, its disposition) 


interesting points about them. 


and so on. Such talks are not only interesting bu| 
a lesson in natural history, the result of long stud | 
Standing just over six feet in height, dressed in khahj 
and white helmet, Mr. Gay is an impressive figuré 
among his lions. But you quickly realize that he hay 
gained their confidence and it is surprising what they 
will do for him. One magnificent male stood by 
Mr. Gay on a tree log, an imposing picture, and whe 
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its master’s hat was removed, the great creature licked 
his hair in true feline fashion. Another lion is so tame 
that Mr. Gay rides round the pen on its back. 

Perhaps the most prized lion of the collection is 
Numa, a magnificent specimen fifteen years old, which 
has earned as much as £2,000 a year by acting for the 
cinema. It has appeared in several well-known films, 
such as ‘“‘ The Missing Link’ and “‘ The Circus.’’ When 
Numa is filmed, its master, and often Mrs. Gay as 
well, enter the enclosure and prompt the animal 
to do what is desired—-to jump, growl or show its teeth. 
| ventured myself into the pen with Numa, which 
came and stood beside me while I sat in a chair. It 
glanced suspiciously at me once or twice, but otherwise 
Mr. Gay declares there 
is really no such thing as a All that 
can be hoped is to gain the animal’s confidence by 
kindness and firmness; nothing can be gained by 
Once an animal knows you and respects 


acted as a well-behaved lion ! 
‘tame’ lion. 


being brutal. 
you it is possible to teach him to perform certain 
actions, and even then the training should be along 
the line that appeals to the animal. Some lions will 
take readily to one thing and others to something 
else, and it is only by knowing the idiosyncrasies of an 
animal that you can get the best out of it. But all 
the time the creature is by nature wild. Only on one 
occasion has a lion turned on Mr. Gay, when for some 
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A GROUP OF LION CUBS. 


Some of these cubs were born at the farm in California, where they are now being 
successfully reared. 
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ACTING FOR THE CINE MA. 
Mr. Gay, with some of his lions, are here seen posing for the camera. 
relative size of man and beast. 


Notice the 


unaccountable reason one of his pets sprang upon 
him, bore him to the ground, and gripped him by the 
leg. Fortunately, help was soon forthcoming, but 
as it was Mr. Gay was laid up for nine weeks. 

The farm is open to the public every day of the 
week except Monday. On this day the animals fast, 
as it has been proved best for their general health. 
A lioness will have two litters of cubs a year. The 
number varies, but is generally three; occasionally 
four are born, and now and again only one. 
a lioness is permitted to rear her own offspring, but 
when it occasionally happens she does not wish to be 
bothered with such domestic ties, they are taken away 
Unfortunately, 


As arule 


and reared by hand from a bottle. 
many cubs have been lost through the mother eating 
them, which is often the fate of the first litter. but 
once a lioness has reared her offspring she can generally 
be relied upon to continue doing so in the future. 

I concluded my visit to the lion farm by playing on 
the lawn with three little lion cubs and a lively fox 
terrier. The youngest cub was but eleven weeks old, 
and though a mere baby it easily held its own with 
the dog. As Mr. Gay and I romped with these little 
pets of the jungle I began to understand something 
of the secret of his success. Mr. Gay loves lions, and 
he is never happy or contented unless he is among them. 
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Book Reviews. 


The Ferns. Vol. Ill. By PRorgssor F. O. Bower. 
University Press. 21s.). 


(Cambridge 


The publication of the last of three volumes by Professor 
I’, O. Bower on ‘* The lerns, treated comparatively with a view 
to their natural classification,’ is a notable event in the history 
In Volume I (1923) the author examines 

It needs no botanical 
knowledge for an intelligent observer to realize that ferns vary 
within wide limits: the small filmy ferns with transparent 
leaves clinging to rock surfaces within reach of the spray of a 


of botanical research. 
critically various criteria of comparison. 


waterfall, the stately and beautiful tree-ferns of tropical and 
south temperate lands, and the more familiar Bracken and 
Hart’s-tongue ferns, illustrate difterences in habit and in size. 
Many other more important differences—more important as 
criteria of aftinity—-become apparent when we examine the 
anatomical structure of the stem and the leaves; the structure, 
method of development and position on the leaves of the spore- 
(sporangia). In the first volume Professor Bower 
deals exhaustively with a considerable number of macroscopic 
and microscopic features both of existing and of extinct ferns ; 
he discusses their relative value as guides to affinity and to 
Volume II (1926) is devoted to the 
usporangiate ferns and other relatively primitive types. In 


capsules 


relative antiquity. 
the introduction to this volume Professor Bower writes :— 

‘In any family of related organisms, excepting the very 
difticulties must be 
phyletically. 


simplest, expected in grouping them 
The more complex the organisms are, and the 
more numerous the criteria of the comparison, the greater those 
difficulties may be expected to be: for there is no reason to 
anticipate that evolution will have expressed itself equally in 
respect of all the features. And so it comes about that it appears 
to be sometimes impossible to sum up the results of comparison 
in respect of all the features into a conclusion, that genus or 
species (A) is more primitive than genus or species (B). Such 
difficulties naturally present themselves when any attempt 
is made to seriate any group of organisms phyletically ; and 
anyone who fully grasps the problem will place his own value 
upon the phyletic seriation of any group submitted for his 
judgment. Some may say, ‘li that is true, why attempt 
phyletic seriation at all?’ Phyletic seriation is merely a form 
of recording tentative evolutionary conclusions ; it has, however, 
the advantage of raising questions which otherwise might very 
likely remain dormant.”’ 

Volume III (1928) is devoted to the Leptosporangiate ferns, 
and concludes with a summary of results and the evolutionary 
bearing of the results. It should be explained that the customary 
division into Eusporangiatae and Leptosporangiatae is based 
primarily on ditterences in the sporangia. 

In Eusporangiate ferns the sporangia are more massive, and 
each sporangium arises from a group of cells; in the Lepto- 
sporangiate type, which includes by far the greater number of 
ferns, each sporangium is formed from a single mother-cell. 

In these three volumes we have an impressive array of facts, 
many of which are the result of Professor Bower’s own researches 
carried on consistently during the last forty years, also a critical 
and reasoned statement of the author’s conclusions. The 
they are not for the 
elementary student, but they are invaluable to all botanists 
who are interested in the evolution of ferns and in the inter- 


relationships of the families within the class Filicales. 


volumes are by no means light reading ; 


Attention is particularly called to Professor Bower’s 
Presidential address—‘‘ The Evolutionary Kelations of the 
British Ferns ’’—delivered to the Yorkshire Naturalists’ 


Union at York on 8th December, 1928. In this address the 
President discusses British ferns in relation to the ferns as a 
whole :— 

“The tern-Flora of the world amounts to a total of about 
6,000 species, grouped in about 150 genera, and twelve families. 
In Britain we have only about forty species; but these are 
representative of half of those families, and about one-eighth 
of the genera, while the total of our species amounts to only 
about one-fiftieth of the known species of the world. We may 
reflect how much the interest of our ferns is enhanced by being 
thus distributed over so many families, and many of these the 


most antique. It is probably a consequence of the position of 


Britain on the extreme fringe of a great continental area.”’ 
The address (published in the January number of the 
Naturalist, price 1/6) aftords a very useful supplement to the 
more technical volumes; it enables us to _ visualize our 
native ferns not simply as isolated units, but as members, 
and in many instances, exceptionally interesting members, ot 
a world-wide community. A. C. SEWARD. 


Heraclitus, or the Future of Films. By ERNEST Betts. (Kegan 
Paul. 2s. 6d.). 
This Film Business. By R. P. MEssEL. (Benn. 12s. 6d.). 


The film industry is of especial interest inasmuch as it has 
had its inception and has been brought to a state of high 
perfection within living memory. For although the industry 
is still in its infancy, the film technique of to-day is far removed 
from that of the early films—which were virtually illustrated 
sub-titles—and it is now, of course, possible to tell a story by 
means of pictures unaided by sub-titles. 

The two books under review, though both on the same subject, 
are curiously contrasted. Mr. Messel concerns himself with a 
history of the industry from its birth, while Mr. Betts essays the 
future of the film and not their past (which, presumably, is 
fortunate since he is of the opinion that, ‘‘ You cannot write 
history readably without falsifying it’’). This peep into the 
future is heralded by the remark that films have no future 


‘until someone believes in them ”’ : 


and one is tempted to 
believe that Mr. Betts is himself among the doubters since he has 
precious little to tell us of their future. 

It is curious in a book entitled ‘‘ The Future of the Films ”’ to 
find but the merest mention of talking films. True a footnote 
is added to the effect that their acceptance marks “ the most 
spectacular act of self-destruction that has yet come out of 
Hollywood.” If this catastrophe is about to devastate the 
stronghold of the movies, one regrets that Mr. Betts did not 
let himself go on the subject. Perhaps, however, he is alarming 
himself unnecessarily. Is it not possible that the advent of 
the sound film marks the birth of a new form of entertainment, 
and that the silent film will develop side by side with its talking 
brother (or is it sister)? This book, though sometimes witty, 
is too often merely facetious. It is easy, for instance, to sneer 
at the imaginary film exhibitor who has not heard of Michael 
Angelo; and surely few people would agree that the Bank of 
England is dull just because it is stable ! 

Mr. Messel is on surer ground ; but he is also surer of himseli 
and he is not afraid to hazard a leap into the future. He 
precedes his survey of the cinematograph with a careful research 
into the mind of the nation for which the cinematograph was 
evolved, so that we may understand what goes to the making 
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of an American film. He traces its history from the five cent 
Kinetoscope of Thomas Edison (enclosed in a black box, limited 
to fifty feet of film and confined to one spectator at a time) 
through the Kinetoscope parlour of the brothers Latham with 
its hundred and fifty feet of film, and the Vitascope to the 
super-cinema of to-day. 

Mr. Betts thinks of the films in terms of art alone. Mr. Messel, 
though especially enthusiastic about the specifically artistic 
film, does not despise the commercial film, and is ready to 
recognize its good points. He sees in the alliance of the German 
and the American technique—and possibly some day the Russian 
technique—the birth of an entirely new film. Already there 
are signs of this, as witness such films as “ So this is Paris,”’ 
‘The Student Prince,’’ and “ Sunrise.’”’ He is not alone 
concerned with the films past and present, he has much of 
interest to say about the film of the future, the film that will 
talk, have colour and be three-dimensional instead of two. 
But it is for his patient research into the film’s origin and his 
summing up of its present status, that his book can be especially 


recommended. A. C. ENSOR. 


The Book of Garden Animals. 
F.Z.S. (Chapman & Hall. 


By E. Fitcu Dactisn, Ph.D., 
7s. 6d.). 


Those of us whose gardens fall short of what a garden should 
properly be may comfort ourselves with the reflection that it 
may serve other ends than the production of flowers, fruit 
and vegetables, when we come to see it, through the medium of 
this book, as a crowded stage upon which a great variety of 
birds, beasts and insects play out their curious and complicated 
life histories. In fact, the more neglected a garden the richer 
will be its content of wild life; but it is not necessary to sacrifice 
its legitimate purpose, for a very successful compromise can be 
contrived by planting even a tiny wild garden round a small 
glade or clearing, well protected against cats and dogs by a 
thorny interlacing of Chinese barberries and wild roses. It will 
soon become populated, for there are many birds and not a few 
small mammals which prefer the society of man, and their 
predilection makes a garden not only the most convenient spot 
for observing wild life, but, for many species, the most 
favourable one. 

All except the experienced naturalist will need a guide-book 
to the animal habitants ot the garden, and they will be grateful 
to Mr. Fitch Daglish for making a beginning. They will find 
his book full of little pictures of animal life which they will 
be stimulated to verify by personal observation, and of des- 
criptions which will enable them to see the different species 
in their natural role in the garden theatre—placid or predatory, 
social or exclusive, dull or interesting. The wideness and variety 
of the subject matter makes it an obviously difficult theme 
for a single book, and the author has done well to omit the 
moths and butterflies, since ‘their special literature is quite 
easily accessible. It is impossible to satisfy all interests and 
most readers will regret some omission; the reviewer would 
propose as candidates for inclusion in the next edition the 
stoat and weasel and the Burying Beetles, to take the place of 
such rare visitors to the garden as the smooth snake, the sand 
lizard and the Roman snail. 

The book is so full of engaging pictures of the private life 
of the animals around us that it is to be hoped a second edition 
will give the author an opportunity of re-telling the story in 
simpler and more vivid language and of recasting the opening 
sentence of the book, which does not give a good impression of 
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his style. It might be well, too, for the author to bear in mind 
that his book will be read by many young naturalists to whom 
such words as ‘“ mysterophile,” ‘‘ un-euphonious’’ and 
‘“ congener ”’ are likely to be both strange and deterrent. 

The book is helpfully illustrated with photographs and 
drawings, and is decorated by one wood-block (of a robin) 
which only just misses being a brilliant success. Ps 


Noles and Sketches made during Two Years on the “ Discovery 
Expedition, 1925-1927. By E. K. GUNTHER. Keprinted 
from the “ Draconian ’”’ for 1928 and now issued privately. 
(Holywell Press, Oxford.) 


It has now been announced officially that the research 
ship Discovery is once more to set sail, this time for the 
The 
new expedition is supported by the Governments of Australia 
and New Zealand, and it will continue the work begun by its 


leader on the Australasian Antarctic [:xpedition during the 


Antarctic, under the leadership of Sir Douglas Mawson. 


three years before the War. 

It is therefore with added interest that we have read the 
notes and sketches under review, which describe the everyday 
life on this vessel during its last previous voyage, from 1925-1927, 
through the spectacles of a member of the crew. This expedition 
was engaged in whaling research, under the auspices of the 
Colonial Office, and a preliminary account of its work was given 
in our columns in July, 1927. Mr. Kk. Kk. Gunther was the 
trained zoologist on board the Discovery, and in addition to an 
easy style he is gifted with unusual ability as a draughtsman. 
Not only is his diary illustrated with excellent maps and line 
sketches of ships, whales and vessels, it also contains excellent 
wash-drawings, including a vivid sketch in colour of Mt. Paget, 
South Georgia. In photographs. 
Altogether Mr. Gunther’s little book provides a very readable 
supplement to the rather austere accounts given in the official 


addition there are many 


reports. 


Series of Biological 
16s.). 


The Biology of Spiders. By T. H. Savory. 


Handbooks. (Sidgwick & Jackson. 


The latest volume in the series of Biological Handbooks is 
one which deals with a most interesting though much disliked 
group of creatures related to crabs, lobsters, scorpions, ticks 
and mites, and frequently regarded by the average man as 
insects. The book is well arranged and exceptionally well 
written, the author telling his story clearly and in a most 
charming style. The three chapters dealing with the structure 
are as good a description of the morphology as exists in the 
language. The chapter on behaviour is brilliant; there is no 
confusion of instinct with intelligence, and the author sums up 
his points in a sentence: ‘ Behind all instinctive actions there 
is a feeble awareness and a faint endeavour ”’ (p. 114). 

There are a few small points in the morphology that it would 
perhaps be hypercritical to refer to, and otherwise I have nothing 
to criticize in the text, but I dislike both the bibliography and 
the index. The former is arranged under twenty-three headings, 
such as “‘ Alimentary System,” ‘‘ Stridulation,’’ “ Instinct,” etc. 
Under these headings, papers referred to in the text are given, 
not in alphabetical order but according to date of publication. 
lor anyone studying some special line in connexion with spiders, 
no doubt this classification of subjects will be very useful, but, 
to my mind, it is not the type of bibliography for this type of 
book. In the text, some observation of an author is mentioned. 
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If one wishes to pursue the matter further, reference has to be 
made to the list of headings at the commencement of the 
bibliography and there is no date mentioned in the text, and there 


may be no heading quite corresponding to the subject. For 


instance, on page 148 is a reference to a very important 


observation of Hingston’s with regard to the method of 


construction of the orb web. I turn to the bibliography but 


there is no heading such as “ webs”’ or “ web-construction,’’ 
so I search the list for possibilities and try what seems the 
likely, 


most “Silk, Silk-glands and Spinning Organs.’’ No 


reference to Hingston! I try the other headings and at last 
I go through the bibliography. There is only one reference to a 
paper by this author, and that is not the one I want. I turn to 
the index and | find that Hingston is referred to eight times in 
the text so that the bibliography, besides being difficult to use, 
I find there 


which are not 


IS nat omplete. ‘| hen the index IS also incomplete. 


are Other references to Hingston in the text 
mentioned in the index, and in less than tive minutes I find nine 
references to authors in the text which are not in the index. 

It seems a pity that such an excellent book should not have 
been made complete in these details which, by their imperfection, 
detract from its usefulness to an appreciable extent. 

I RANK BALFOUR BROWNE. 
The Ovdinall of Alchimy. <A_ facsimile from 
‘ Theatrum Chemicum Britanicum.” 


of Bristol. 


reproduction 
By THOMAS NORTON 
(Ikdward Arnold. 10s, 6d.). 
lhe Works oj Geber. 
published in 1678. 

Both these 
Holmyard. 
days European alchemy showed in an excessive degree thase 
fatal which 


made it an object of suspicion to the wise and of derision to the 


A reprint of the English translation 
(Dent. 


OS.). 
contain an introduction by Dr. E. J 


‘in its early 


books 
In the tirst volume he tells us that 
occultism 


leanings to and charlatanry, 


vulgar. That there were serious and honest workers 
cannot be doubted, but it would be equally useless to deny 
the existence of a great number of knavish and cunning adepts, 
whose secret of making gold was to extract it from the pockets 
of those whom they deceived.’’ ‘The speculative character of 
this work presents a picture of the typical alchemy of the 
but the 
advice the author gives in the Proheme will be a useful guide 


fifteenth century. It is of interest to the historian ; 
to the prospective reader to judge of the usefulness in his library 
of this reproduction with its old style of language and archaic 
ideas ! 

Now Soveraigne Lord God me guide and speede, 

lor to my Matters as now I will proceede, 

Praying all men which this Boke shall finde, 

With devoute Prayers to have my soule in minde ; 

And that noe Man for better ne for worse 

Channge my writing for drede of God’s curse ; 

lor where quick sentence shall seame not to be 

Ther may wise men finde selcouthe previyte ; 

And changing of some one sillable 

May make this Boke unprofitable. 

Therefore trust not to one Reading or twaine, 

But twenty tymes it would be over sayne ; 

For it conteyneth full ponderous sentence, 

Albeit that it saute forme of Eloquence ; 

But the best thing that ye doe shall 

Is to reade many Bokes, and than this withall. 

Geber, or, as he is known in Arabic writings, Abu Musa Jabir 

ibn Hayyan, lived in Iraq shortly after the Mudammadan 


DISCOVERY 


conquest in the seventh century. He was foremost among 
the alchemists of the East, and his numerous works were 
translated into Latin during the thirteenth century. In the 
introduction we are told that “‘ to understand his conceptions 
properly we must hark back to Aristotle ; but 
before this translation is intelligible an intimate knowledge of 


se 


the language employed must be obtained. 


History of Manufactures in the United States, 4800-1914. By 
VicToR S. CLARK. (Carnegie Institution of Washington.) 


At the present time the United States enjoys such a prom- 


inent position in industrial activity that the original causes 
of her achievement tend to be little studied by the rest of the 
world. They are taken for granted instead. 

During the last half of the nineteenth century the development 
of manufactures in the United States diftered from typical 
conditions across the Atlantic in two important ways, which 
are emphasized in the opening chapter. In the first place 
America continued to make goods almost entirely for home 
consumption at a time when other large manufacturing nations 
were producing for export markets. Secondly, while the 
manufacturing expansion of Europe depended upon carrying 
raw materials to labour, the industrial progress of the United 
States was the result of carrying labour to raw materials. These 
features had distinguished American manufacturing from its 
origin; but their persistence into a period when American 
industries ranked in extent and technical perfection with those 
of Europe was a novel condition which constantly influenced 
their form and organization. Indeed, it was not until the verge 
of the War that the United States began to look beyond her 
borders with a really keen eye to business. 

One factor which has tended to break down the exclusiveness 
of modern industrial states is wisely touched upon, namely, 


the international influence of science. During half a century 


past, the dependence of the manufacturer upon the scientist 


grew with every passing year, and happily the labours of the 
By thus 
making a common friend of the fruits of research, discovery, 
multiplied their 


human intellect now recognize few national frontiers. 


and invention, the civilized nations have 


aggregate wealth and productive resources. Nevertheless, 
a conflict between nationalism and internationalism characterized 
the world evolution of industry during the period with which 
this book deals. That the future may learn from past experience 


to discover further measures of unity is to be devoutly hoped. 


Lombard. By 
10s. 6d.). 


Cruise of the Anna 


(:rnest Benn. 


Deep-sea Bubbles, or the 
HENRY H. Bootes. 
The author of this narrative, one who spent long years on 
the sea in the old-time sailing-ships commencing before the 
time of the advent of steam power, here records the experiences 
encountered on his last voyage under exceptional conditions 
in a large composite ship. During this voyage he was 
successively third, second, and first mate owing to a series of 
mishaps to his superior officers, who were interested in the 
scientific investigations on the medicinal value of pure spermaceti 
which it was the object of the voyage to obtain from sperm 
whales in the Pacific. 
Though it was only in the ’eighties of last century the recorded 
adventures of this voyage read like those of another age—so 
used are we to the steamboat and liner, with their safety, speed 


and comfort. Altogether this book makes fascinating reading. 
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